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COMPUTATIONAL  TABLES  FOR  USE  IN  STUDIES  OP  ABTIPICIAL  DAyLIGH?IN&-_:  

By  Dorothy  Nickerson,  Color  Technologist    /j(    ^    3UhCo'  « 


The  tables  in  this  report  are  those  used  in  artificial  dayli^t- 
ing  studies  made  during  the  last  several  years  in  the  color  measurements 
laboratory  of  the  Agricultural  Marketing  Service.      Two  reports  on  this 
work  have  "been  published  2J  ^  and  a  third  report,  prepared  for  presen- 
tation to  the  Illuminating  Engineering  Society,  has  "been  accepted  for 
publication.  5/ 

The  practical  result  has  "been  the  installation  of  Macbeth  7500K 
units  of  artificial  daylighting  in  the  larger  cotton  classing  rooms  of 
this  Service,  units  similar  to  the  one  shown  in  figure  1.    Smaller  units 
of  this  sort  are  being  used  for  other  color  grading  purposes,  as  in  the 
grading  of  flour  color  in  bread  and  macaroni,  figure  2,  and  lamps  of 
the  same  type,  but  without  diffusing  glass,  figure  3,  are  used  irtien 
needed  for  grading  canned  fruits  and  vegetables  in  the  laboratories  of 
this  Service. 

These  tables  are  published,  not  only  to  make  available  the  data 
"Upon  which  our  own  conclusions  were  based  but  in  order  that  other  work- 
ers fdao  may  be  interested  in  illuminants  not  included  in  this  study,  or 
in  products  not  studied,  may  be  able  to  use  much  of  the  same  basic  data 
in  calculations  involved  in  their  own  studies.    By  such  use  they  can 
save  themselves  much  work  by  being  able,  upon  completion  of  their  com- 
putations, to  compare  their  results  with  those  already  obtained  for 
the  illuminants  and  standards  used  in  studies  made  by  the  author.  S/ 
Sources  of  original  data  for  these  illuminants  are  given  in  an  early 
publication.  1/ 
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ITigure  !•  —  MaCbeth  artificial  dajrli^t  unit 
dereloped  for  use  in  cotton  classification* 
Thie  unit  is  yentilated  by  forced  draft. 


Figure  2.  —  Smaller  unit  similar 
in  quality  of  light  to  that  pro- 
duced hy  the  unit  in  f  igare  1« 


Figare  3.  —  Lamps  similar  in 
quality  of  light  to  that 
of  units  shown* 


Certain  of  the  sym'bols  used  in  these  tables  are  intended  to  fol- 
low the  usage  of  Judd  ^  in  his  paper  describing  the  1931  ICI  standard 
observer  and  of  Hardy  ^  in  his  Handbook  of  Colorimetry. 

The  following  statements  may  help  to  clarify  the  relations  of  the 
several  symbols: 

Symbols  X,  Y,  Z   are  used  to  represent  any  tristimulus  specifications 

which  are  based  on  the  1931  ICI  standard  observer. 


Symbols  x,       1    refer  to  a  specialized  case  of  X,  Y,  Z.    They  should  be 

used  only  to  refer  to  distribut ion  coef fic ients  for  e- 
qual  energy  stimulus  for  the  1931  ICI  standard  observer. 
They  are  the  tristimulus  values  for  one  unit  of  spec- 
t rally  homogeneous  radiant  energy  of  wavelength  A.  . 

Symbols       y,  z    represent  fractional  values  which  may  refer  either  to 

the  special  case  5,  y,  z,  or  the  more  inclusive  X,  Y, 
Z  values.    Although  these  symbols  are  often  referred 
to  as  trichromatic  coefficients,  they  more  properly 
could  be,  and  often  are  called  trilinear  coordinates. 
Eegardless  of  the  values  assigned  to  X,  Y,  Z,  the 
values  for  x,  y,  z  must  always  total  1.0.    They  are 
the  values  used  for  plotting  on  an  ICI  diagram. 


Symbols  for  x,  y,  z  subscripts: 

x^,  y^,  Z|r,  as  used  by  both  Judd  and  Hardy  refer  to 
X,  y,  z  values  for  an  illuminant. 

Other  subscripts  are  not  used  generally,  but  may  be 
used  in  specific  instances.    In  such  Cases  their  mean- 
ing should  be  explained  clearly  in  the  text,  as  has 
been  done  by  Hardy  in  x^^,  y^,  z^  to  refer  to  x,  y,  z 
values  of  the  spectrum  locus  when  reference  to  x,  y,  z 
values  of  an  illuminant  (x^^,  y^f,  z,,)  and  of  a  test  sam- 
ple (xg,  yg,  Zg)  in  the  same  text  would  have  been  con- 
fusing without  the  use  of  subscripts. 


For  the  information  of  those  who  wotild  like  to  have  the  determi- 
nations of  the  tristimulus  values  in  mathematical  terms,  reference 
should  be  made  to  the  Hardy  handbook.  ^  Briefly: 

X  a  £  JSRxdA 
Y  s  JJ"flBydX 
Z  S  SRzdA 


4/  Judd,  Deane  B.  1931  ICI  Standard  Observer  and  Coordinate  System  for 
Colorimetry.    Jour.  Optical  Soc.  Amer.  23:  359-374.  1933. 

5/    Hardy,  A.  C.    Hanififcook  of  Colorimetry.  Cambridge,  Mass.,  Technology 
Press,  1936.  87  pp. 
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and  this  is  approximated  "by  summing  forH^Ji   inter-vals  (either  at  equal 
wavelength  intervals  or  for  selected  intermls)  the  values  of  EHx,  III^, 
SRz,  when  3  represents  the  energy  of  the  illiiminant,  H  the  reflectance 
or  t ransmittance  factor  of  the  material  imder  test,  and  x,  y,  2,  the 
tristimulus  values  of  the  ICI  standard  ohserver  (as  defined  ahove). 

Since  1931,  it  has  "become  the  usual  practice  to  use  the  ahove  sym- 
hols  in  referring  to  the  ICI  standard  ohserver  and  coordinate  system.  4/ 

Symbols  E,  G-.  B    When  coordinate  systems  other  than  ICI  are  used,  it  is 

general  practice  to  use  H,  G,  B  (or  r,  g^  15  used  as 
equivalent)  for  the  tristimulus  specifications. 

Symbols  r,  g,  b    represent  fractional  values  of  R,  G,  B;       the  triline- 

ar  coordinates  for  R,  G.  B. 

These,  for  example,  are  the  symbols  used  by  Judd  in  referring  to 
his  uniform  chromaticity  scale  (DCS)  system.    When  several  coordinate 
systems  are  referred  to  they  can  be  distinguished  by  subscripts,  as  R^, 
G^,  Bji  for  tristimulus  values  for  the  DCS  system;  Rq,  Gq,  Bq  for  tri- 
stimulus values  for  the  OSk  system  (widely  used  in  this  country  prior 
to  1931);  etc. 

TABLSS 

The  tables  are  listed  below  by  title  with  whatever  explanation 
has  seemed  necessary  in  order  to  \inderstand  their  meaning.    This  report 
has  been  prepared  as  a  companion  to  the  author's  recent  study  on  il- 
luminants  5/  and  therefore  reference  to  the  text  of  that  study  should 
be  made  whenever  it  may  seem  that  there  is  insufficient  explanation  in 
this  report*    The  12  figures  and  2  tables  in  that  sttidy  are  based  upon 
data  given  in  the  tables  found  at  the  end  of  this  text. 

Table  Is    Illuminants  and  standards  used  in  artificial  day-*        Page  11* 
lighting  studies. 

It  should  perhaps  be  noted,  in  order  to  avoid 
any  possible  misinterpretation,  that  the  use  of  an  11- 
luminant  to  represent  the  mercury  lines  has  nothing 
at  all  to  do  with  the  fluorescent  light  from  which  the 
data  were  taken  except  insofar  as  the  computations  are 
involved.    Because  computations  made  for  fluorescent 
li^t  included  data  for  mercury  lines  and  for  a  smooth 
curve  low  in  both  the  red  and  blue  ends  of  the  spectrum, 
it  was  very  little  extra  woi*:  to  make  the  summations 
necessary  to  Include  illuminants  representing  the  mer- 
cury tubes  of  peculiar  color  characteristics,  with  which 


See  footnote  4,  p.  3. 
See  footnote  3,  p.  !• 


most  every  one  is  acquainted,  and  an  illuninant  of  the 
characteristic  curve  that  would  "be  found  "by  using  the 
smooth  portion  of  the  fluorescent  curve  for  7650K» 
Every  one  is  familiar  with  the  marked  color  changes 
in  the  dayli^t  color  of  materials  seen  under  a  mercury 
li^t»    Therefore,  the  presentation  of  figures  repre- 
senting comparisons  of  samples  under  mercury  illumina^ 
tion  with  samples  under  dayli^t  illumination  is  ixw 
eluded  in  order  to  provide  an  extreme  case  of  expected 
color  change*    The  smooth  portion  of  the  fluorescent- 
type  curve  is  used  for  a  similar  reason,  the  curve  in 
this  case  "being  low  in  "both  red  and  hlue»    The  results 
for  the  mercury  lines  and  for  the  curve  portion  of  the 
fluorescent  data,  when  they  are  used  to  represent  sepa^ 
rate  illtiminants,  have  nothing  to  do  with  results  for 
fluorescent-type  illumination. 

The  series  of  curves  called  "Gibson"  in  this  pa- 
per and  in  the  author's  report  on  color  matching  and 
discrimination  5/  represent  curves  described  by  Gibson 
at  the  1939  Lake  Placid  meeting  of  the  Optical  Society 
of  imerica.    Sach  curve  represents  a  different  propor- 
tion of  skylight  (calculated  by  the  use  of  the  inverse 

scattering  relation)  and  sun-out side-the-atmo sphere 
(Abbot  data)  •    The  parenthetical  subscripts  refer  to 
the  proportions  of  skylight  and  Abbot  daylight  in  each 
curve.    For  example,  Gibson  l/j^  (•3-l-«7)  represents  a 
curve  made  up  of  .3  skylight  and  •?  Abbot  sun-out  slde- 
the— atmo  sphere  • 

The  18  illuminants  in  this  table  are  listed  ac- 
cording to  micro-reciprocal  degrees  of  color  temperature 
(gird's,  or  mireds).    This  seems  a  more  useful  way  of  re- 
porting them  than  by  color  temperature  itself,  especially 
if  one  will  remember  that  different  phases  of  blue  slsy 
range  from  0-100,  "C"  illuminant  is  about  150,  "B"  il- 
laminant  about  200,  and  "A"  illuminant  about  350* 

Table  2t    Spectral  energy  distribution  data  for  stand-         Pages  12-13* 
ards  and  illuminants  listed  in  table  1,  with 
certain  supplementary  data* 

These  data  are  adjusted  relative  to  100  for 
wavelength  560  mvi*    They  are  given  for  10  mp.  inter- 
vals, plus  data  for  the  4  wavelengths  representing 
the  wavelength  position  of  the  mercury  lines  (to  the 
nearest  m)i)« 


See  footenote  3,  p.  1. 


Ta'ble  3t    Computational  table  for  ICI  Illuminants        and  "CL"        Page.  14. 


The  data  in  this  tahle  are  taken  from  the  report 
of  the  *1931  ICI  Ohserver  and  Coordinate  System  for 


In  addition  to  totals  for  380-770  m|i  given  in  the 
Judd  paper,  those  for  400-700  mji  are  given  here.    The  Y 
values  for  400-700       data  may  he  adjusted  so  they  can  he 
used  to  represent  100  percent  reflectance  hy  multiplying 
"by  the  reciprocal  of  the  T  totals  for  400-700  raji. 

In  tables  4-11  the  values  are  totaled  so  as  to  give 
this  figure  directly.    This  has  been  done  because  400-700 
mji  is  the  wavelength  range  generally  used  on  the  Gr.fi.  record?- 
ing  spectrophotometer,  and  the  bulk  of  spec  tropho  tome  trie 
measurements  today  are  obtained  on  that  type  of  instrument. 
The  ICI  '*B"  and  "C**  curves  have  been  kept  as  reported  by 
Judd  in  order  that  there  be  no  confusion  of  slightly  dif- 
ferent figures.    Obviously,  data  should  be  calculated  to 
380-770  mp,  limits  whenever  they  are  available.  Computa^ 
tional  data  for  equal  energy  and  for  ICI  "A"  are  included 
in  the  Judd  report  noted  above. 

It  will  be  noted  that  the  number  of  places  to  which 
computational  data  are  carried  varies  for  different  tables 
(3  through  11).    The  figures  in  these  tables  should  be 
carried  far  enough  so  that  there  will  be  no  numerical  dif- 
ference in  the  last  place  deemed  significant  for  the  tri- 
linear  coordinates.    Because  many  of  the  differences  with 
which  we  are  dealing  in  these  computations  are  very  small, 
they  were  set  up,  insofar  as  possible,  to  provide  data  that 
could  be  carried  to  a  fifth  decimal  place.    Certain  of  the 
data  are  carried  more  than  enou^  places  for  that.    Had  we 
known  when  this  work  was  begun  all  we  do  about  it  now,  or 
had  we  then  expected  to  publish  these  computational  tables, 
all  work  would  have  been  handled  in  the  same  manner,  and 
carried  to  the  same  number  of  places.    But  since  they  actu- 
ally were  carried  to  a  different  number  of  places  in  the 
course  of  our  computations,  they  are  reported  that  way. 
Thus,  any  future  calculations  made  with  these  figures 
should  be  comparable  with  our  results.    If  one  uses  a  cal- 
culator, it  is  generally  no  more  difficult,  except  in  the 
additions,  to  carry  the  figures  an  extra  place  or  two*  If 
trilinear  coordinates  are  needed  only  to  three  or  four 
decimal  places,  then  fewer  places  need  be  used  in  comput»» 
tion.    But  work  cannot  be  done  with  an  ordinary  slide  rule, 
except  to  aucrive  at  a  very  approximate  result.    Work  of  this 
sort  should  be  done  carefully  and  accurately,  and  carried 
to  a  svLfficient  number  of  decimal  places. 


See  footnote  4,  p.  3 


Table  4l    Computational  table  for  Carbon  Arc  and  Pliiorescentg5QQg.     Page  15. 


The  mlues  given  in  this  tahle  at  the  mercury  lines 
are  adjusted  so  that  multiplications  can  he  used  for  data 
at  the  wavelength  indicated,  yet  he  added  to  the  totals  for 
the  smoothed  portion  of  the  cillrve  which  has  heen  summed  for 
intervals  of  10  1191.  The  numbers  for  the  mercury  lines  refer 
to  energy  (in  a  10  m^j.  interval  centered  on  each  mercury  line) 
which  is  in  addition  to  that  included  in  the  smoothed  curve* 

Tahle  5:    Compu.tational  table  for  Carbon  Dioxide,  CO2  (25  mm) ,  Page  16* 

CO2  (20  mm)* 

Table  6t    Computational  table  for  Fluorescent7g5Qg  and  Page  17. 

yiuore  scenti30QQg. 

Befer  to  discussion  under  table  4. 


Table  7t    Computational  table  for  MacbethgsoOK  ^^^^^^7Q00K* 

Table  8:    Computational  table  for  Abbot  Daylight  and  Page  19. 

Gibson  1/^4  (.1^.9). 

Befer  to  discussion  of  table  1  in  the  text 
for  explanation  of  Gibson  curves. 

Table  9:    Computational  table  for  Gibson  1/ ?^  (.15-f  .85)  Page  20. 

and  (.2'h.8). 

Eefer  to  discussion  of  table  1  in  the  text 
for  explanation  of  Gibson  curves* 

Table  lOi  Computational  table  for  Gibson  I/a*  (.3-I-.7)  and  (l.OfO).     Page  21. 

Hefer  to  discussion  of  table  1  in  the  text 
for  explanation  of  Gibson  curves. 

Table  lis  Computational  table  for  Planckian  7000£  and  8000K  Page  22. 

Table  12:  Table  of  equivalents;    Color  teinperature  in  degrees  K         Page  23. 
and  in  micro-reciprocal  degrees  (mireds  or  fird)  • 

For  a  discussion  of  the  use  of  micro-reciprocal 
degrees  of  color  temperature  for  specifying  the  chroma** 
ticity  of  various  phases  of  daylight,  reference  should 
be  made  to  Irwin  G.  Priest's  article.  Proposed  Scale 
for  Use  in  Specifying  the  Chromatic ity  of  Incandescent 
Illuminants  and  Various  Phases  of  Dayli^t,  Jour.  Opt. 
Soc.  im.  23:  41  (1933).    If  the  proposal  made  by  Priest 
were  followed  the  use  of  micro-reciprocal  degrees  of 
color  temperature  would  become  more  general  than  the 
use  of  color  temperature. 


Table  13:    Spectral  apparent  refleetanee  data  for  8  pairs  of        Page  23 
samples  selected  for  use  in  studying  various  il« 
luminants* 

These  include  4  pairs  of  samples  selected  for 
study  "by  Judd.    Curres  representing  the  8  pairs  of 
colors  are  sboim  in  figures  5,  7,  and  11  of  the  paper 
on  '*The  Illuminant  in  Color  Matching  and  Discrimina^ 
tion«*  5/ 


fable  14s    Spectral  apparent  reflectance  for  30  cotton  samples     Page  23 
selected  for  use  in  studying  various  illuminant s* 

Of  these  samples  nine  were  selected  for  use  in 
pairs*    They  are:    Pair  1«  numbers  401  and  402|  Pair  2, 
ntDibers  411  and  412;  Pair  3,  numbers  808  and  809;  Pair 
4,  numbers  430  and  530;  Pair  5,  numbers  430  and  630* 
Curves  for  these  pairs  are  shonn  in  figure  9  of  "The 
Illuminant  in  Color  Matching  and  Discrimination***  2/ 

For  the  spectral  apparent  reflectance  curves  of 
these  cotton  colors,  as  well  as  4  of  the  colors  used 
in  table  13  we  wish  to  thank  Walter  C.  Granville  of  the 
Interchemical  Cozporation  liaboratories*    On  many  color 
problems*  the  cooperation  given  us  by  the  laboratories 
of  the  Interchemical  Corporation' has  been  invaluable* 

Table  15:    formulas  for  converting  ICI  values  for  %  y,  z  to        Page  24 
WS  values  for  r,  g,  ^« 

By  these  formulas  the  1931  ICI  standard  coor» 
dinate  system  may  be  converted  to  a  coordinate  system 
found  by  Judd  on  trial  and  error  to  yield  the  best 
agreement  with  chromatic ity  sensibility*    For  conve~ 
nience  the  new  coordinate  gystem  proposed  by  Judd  is 
referred  to  as  a  tmif orm-chromaticity-scale  (DCS  system)  * 
The  formulas  appear  in  a  paper  by  Beane  B.  Judd,  A 
Maxwell  Triangle  Yielding  Uniform  Chromatic  ity  Scales, 
Jour*  Opt*  Soc*  Am*  25:  24  (1935)* 

Table  16:    Differences  in  reflectance  (ICI  •  Y  values)  and  Page  25 

chromatid ty  (in  IX5S  units  of  r,  g,  and  b)  for 
4  pairs  of  colors  selected  by  Judd,  as  calculated 
for  15  ill\2minaiits* 


A  chart  of  these  differences,  arranged  inversely 
according  to  the  color  temperature  of  the  illuminant St 
is  contained  in  figure  6  of  "The  Illuminant  in  Color 
Matching  and  Dj.scrimination, "  5/  and  curves  of  spectral 
reflectemce  of  the  pairs  used  are  contained  in  figure  5 


See  footnote  3,  p*  1* 


of  the  same  report .5/    The  0  point  from  which  the  differ- 
ences in  figure  6  5/  are  plotted  is  taken  at  or  near  the 
low  value  for  each  coluinn  of  figures  in  this  tahle* 

Tahle  17 j    Differences  in  reflectance  (ICI  -  Y  value)  and  Page  25 

chromaticity  (in  UCS  units  of  r,  g,  and  h)  for 
2  pairs  of  colors- selected  for  calculation  under 
10  ilium inants. 

A  chart  of  these  differences  is  contained  in 
figure  8  ^  and  curves  of  spectral  reflectance  for 
the  pairs  used  are  contained  in  figure  ?•  5/    tpj^e  q 
point  from  which  the  differences  are  plotted  in  figure 
8  2/  is  the  low  point  of  each  column  in  this  tahle  17« 

Tahle  18s    Differences  in  reflectance  (ICI  -  Y  value)  and  Page  25 

chromaticity  (in  TKJS  units  of  r,  g,  and  h)  for 
pairs  of  tobacco  and  coffee  colors  calculated 
for  4  illuminants. 


A  chart  of  these  differences  is  contained  in 
figure  12  2/  and  curves  of  spectral  reflectance  for 
these  pairs  are  contained  in  figure  11.  •2/    The  0 
point  from  which  the  differences  are  plotted  is  at 
or  near  the  low  point  of  each  column  in  this  tahle* 

Tahle  19s    Differences  in  reflectance  (ICI  -  Y  value)  and  Page  26 

chromaticity  (in  DCS  units  of  r,  g,  and  h)  for 
5  pairs  of  cotton  colors* 

These  pairs  are  selected  from  the  30  cotton 
colors  listed  in  tahle  14*    The  pairs  are  listed  in 
the  discussion  of  that  tahle  in  the  text*    A  chart 
of  these  differences  is  contained  in  figure  10  ^ 
and  curves  of  spectral  reflectance  for  these  pairs 
are  contained  in  figure  9»  5/    The  0  point  from 
i^ich  the  differences  are  plotted  is  the  low  point 
of  each  column  in  this  tahle* 


Tahle  20s    Mean  differences,  caused  hy  changing  from  one  to  Pages  27- 

another  of  17  illiiminants,  for  reflectance  (ICI  - 

(5  pages)    Y  value)  and  chromaticity  (in  UCS  -units  of  r,  g, 
and  h)  for  30  cotton  colors.    The  standard  deviap* 
tion  is  shown  with  each  mean* 


If  one  illuminant  is  a  perfect  substitute  for 
another  the  mean  differences  for  a  representative  set 
of  colors  would  he  0«  with  0  variation  (as  represented 
hy  the  standard  deviation).    If  an  illuminant  shifts 


See  footnote  3,  p.  1* 
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all  colors  in  exactly  the  same  relation,  the  means  mi^t 
differ,  hut  the  variation,  as  represented  hy  standard 
deviation,  would  remain  0.    Tahle  2  of  the  study  on  "The 
IllTiminant  in  Color  Matching  and  Discriminat  ion"5/  has 
"been  prepared  from  the  standard  deviations  shown  in  this 
tahle  20.    The  standard  deviations  of  these  differences 
ahout  the  mean  have  heen  used  an  an  inverse  measure  of 
the  degree  of  duplication  "between  any  trial  illuminant 
and  a  standard  illuminant* 


See  footnote  3,  p#  1. 

it 


If  the  reader  finds  any  error  in  these  tahles  it  will  he  much 
appreciated  if  he  will  immediately  notify  the  author  at  Agricultural 
Marketing  Service,  Washington,  C. 


ilsigust  31,  1940* 
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Table  1.    Illuminants  and  Standards  Used  in  Artificial 
Daylighting  Studies.    (Same  as  table  1  in  (3)) 


Order 

Identification 

Approjujoa  ve 

color 
temperature 

in  jird 

ICI  trichromatic 

coefficients 
based  on  ICI  values 

for  equal  energy 

X 

y 

1 

Mercury  lines  of  Fluorescent 

7650K 

Beyond  0 

0.2190 

0.2288 

2 

Fluorescent^  ^^^^ 
13000K 

77 

•  2679 

.2760 

3 

CO2  (25iBm) 

110 

.2820 

.3104 

Gibson  1/X^    (.3+  .7) 

110 

.285A 

•2912 

5 

Gibson  l/X^    (.2 +  .8) 

125 

6 

PlanckiangQQQg 

125 

.3051 

7 

Fluorescent  , 

765OK 

131 

.2979 

.3063 

Ma  c  be  t  ^ 

133 

.2996 

.3123 

9 

Gibson  1/X^    (.15+  .85; 

135 

.3016 

.3092 

Gibson  l/X^    (.1  ♦  .9) 

U3 

.3076 

.3158 

11 

Planckian„^^^ 

.3063 

.3168 

700(K 

1^3 

12 

Macbeth^QQj^ 

U7 

.3081 

.3231 

13 

ICI  "C" 

U9 

.3101 

.3163 

U 

Curve  portion  of  Fluorescent^^^^ 

>xr  151 

)K 

.3115 

.3197 

15 

Fluorescent .  ^  „ 

65OOK 

153 

.3129 

.3209 

16 

Carbon  Arc 

157 

.3152 

.3321 

17 

Abbot  Daylight 

165 

.320^ 

.3301 

18 

ICI  «B» 

208 

.3^85 

.3518 
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Table  2.    Spectral  energy  distribution  data  reduced  to  100  at  wavelength  560  mu  for  standards  and  illumlnantB 

listed  in  table  1,  with  certain  supplementary  data. 


>ird 


165 


157 


153 


U9 


U7 


133 


131 


110 


77 


No.  on  Table  1 


17 


16 


15 


13 


Description 


Wavelength  my. 


360 

70 
80 
90 


AOO 
10 
20 
30 
AO 

A50 
60 
70 
80 
90 

500 
10 
20 
30 
AO 

550 
60 
70 
80 
90 

600 
10 
20 
30 
AO 

650 
60 
70 
80 
90 

700 
10 
20 
30 
AO 

750 
60 
70 
80 


ICI        Abbot    Carbon  Fluorescent 
Daylight     Arc  65OOK 


ICI 
"C" 


Fluorescent 


Macbeth     Macbeth     Fluorescent      CO-  CO,, 

6800K         7500K  765OK  ^^^^^     (^Om^)  13000K 


21.79 
30.^5 

AO. 18 
50.68 
61.^8 
71.11 
78.60 

83.08 
85.90 
89.50 
92.61 
93.88 

91.6a 
88.23 
87.07 
89.69 
9/i.l7 

98.25 
100.00 
99.81 
98.25 
96.50 

95.33 
95.82 
96.99 
98.25 
99.  A2 

101.07 
102.  U 
102.05 
101.07 
98. 8A 

96.40 
93.58 
90.37 
86.97 
H.5A 

82.88 
82. AO 
83.08 
8^.63 


60.0 
63.8 
62.0 
63.9 

73.4 
91.5 
97.0 
96.9 
102.9 

109.6 
112.0 
113.5 
113.6 
112.1 

110.7 
108.5 
105.9 
103.4 
101.7 

100.9 
100.0 
99.1 
98.6 
98.3 

97. A 
95.2 
93.1 
91.0 
89.3 

87.5 
86.0 
84.6 
83.3 
81.4 

79.1 
76.8 
74.4 
72.2 
70.2 

68.2 


101.7 
125.9 

127.6 
1-C5.9 
120.7 
106.9 
103.4 

101.7 
100.0 
100.0 
101.7 
103.4 

105.2 
106.9 
106.9 
106.9 
105.2 

103.4 
100.0 
98.3 
94.8 
91.4 

87.9 
86.2 
84.5 
8^.8 
81.0 

81.0 
81.0 
82.8 
82.8 
84.5 

84.5 
86.2 
86.2 


35.1 
50.6 
67.5 
83.1 
100.0 

115.6 
124.7 
128.6 
127.3 
123.4 

119.5 
116.9 
113.0 
110.4 
106.5 

101.3 
100.0 
103.9 
110.4 
116.9 

122.1 
119.5 
113.0 
101.3 
89.6 

76.6 
64.9 
51.9 
42.9 
33.8 

26.0 


31.34 
45.02 

60.12 
76.55 
93.17 
106.75 
115.39 

117.76 
116.91 
117.57 
117.67 
n4.63 

106.46 
97.15 
92.03 
93.07 
96.96 

99.91 
100.00 
97.15 
92.88 
88.51 

85.19 
83.95 
83.67 
83.57 
83.38 

83.76 
83.48 
81.96 
79.77 
76.17 

72.46 
68.76 
64.86 
61.16 
58.41 

56.22 
55.18 
55.27 
56,13 


72.6 
86.7 
96.6 
103.9 
105.4 

108.2 
107.9 
106.4 
103.7 
102.3 

100.8 
98.5 
94.7 
90.0 
88.5 

93.7 
100.0 
103.8 
96.3 
-85.1 

79.7 
78.1 
75.0 
69.6 
62.4 

61.0 
63.2 
70.4 
79.9 
85.5 

84.6 


83.3 
100.0 
109.6 
116.4 
118.1 

119.5 
117.0 
113.9 
109.7 
106.5 

104.6 
101.6 
96.9 
90.7 
88.0 

91.8 
100.0 
104.8 
99.5 
85.4 

76.8 
76.2 
73.0 
68.2 
59.7 

56.7 
58.6 
67.6 
76.8 
85.1 

87.4 


51.2 

92.90 

90.7 

90.5 

70.4 

113.51 

117.2 

117.9 

90.4 

116.30 

115.5 

144.1 

107.7 

110.45 

110.6 

163.5 

122.9 

124.93 

123.2 

178.4 

135.6 

U1.09 

135.9 

187.4 

144.4 

111.70 

109.3 

190.2 

147.2 

111.14 

111.3 

188.0 

U3.9 

139.00 

140.8 

179.1 

139.2 

117.69 

126.1 

169.8 

132.9 

107.52 

111.5 

157.8 

127.0 

121.17 

1^6.8 

146.0 

121.5 

120.9 

120.6 

137.0 

115.7 

106.0 

108.7 

126.8 

109.2 

98.6 

105.6 

115.7 

103.5 

90.5 

94.1 

106.7 

100.0 

100.0 

100.0 

100.0 

102.4 

94.0 

102.5 

99.0 

107.2 

71.4 

78.9 

100.1 

113.6 

67.8 

71.5 

103.8 

116.9 

95.7 

96.9 

105.2 

114.9 

47.1 

93.0 

101.9 

109.1 

54.6 

58.0 

96.3 

99.9 

52.6 

60,3 

87.4 

87.6 

75.6 

80.6 

76.5 

73.7 

105.6 

100.3 

64.1 

61.1 

87.5 

90.4 

53.2 

50.4 

48.5 

42.5 

44.0 

40.5 

49.9 

57.0 

35.4 

32.1 

48.5 

54.2 

28.3 

24.3 

64.1 

71.5 

21.8 

40.0 

36.3 

57.4 

53.2 

Mercury  Lines 

405 
436 
546 
578 


83.8 
200.4 
116.6 

28.8 


88.1 
208.9 
121.2 

27.1 


96.3 
238.9 
133.1 

28.7 


a/   Also  1  and  14* 
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Table  2.  Cont'd. 


333  167 


154 


U3        125  ill 


100 


83 


U3 


135 


125       110    Beyond  0 


No.  on  Table  1 


11 


10 


Description 


Plancklan  data  from  Frehafer-Snow  tables 


Wavelength  mm 


Gibson  Data 
l/X^  +  Abbot  Daylight 


3000K      6000K      65OOOK     7000K     8000K     9000K      lOpOOK  12pOOK 


(.1+.9)  (.15+. 85)  C2+.8)  (i.a»-.o) 


360 
70 
80 
90 

400 
10 
20 
30 
40 

450 
60 
70 
80 
90 

500 
10 
20 
30 
40 

550 
60 
70 
80 
90 

600 
10 

20 
30 
40 

650 
60 
70 
80 
90 

700 
10 

20 
30 
40 

750 
60 
70 
80 


17.7 
20.9 
24.4 
28.3 
32.5 

37.0 
41.8 
46.8 
52.1 
57.5 

63.2 
69.1 
75.1 
81.2 
87.4 

93.7 
100.0 
106.3 
112.7 
119.0 

125.3 
131.5 
137.5 
U3.4 
U9.3 

155.0 
160.5 
166.0 
171.2 
176.3 

181.2 
185.8 
190.1 


96.37 
98.58 
100.5 
102.0 
103.3 

104.1 
104.8 
105.1 
105.5 
105.3 

105.0 

m.5 
103.9 
103.1 
102.2 

101.1 
100.0 

98.77 
97.51 
96.03 

94.62 
93.09 
91.63 
90.02 
88.40 

86.71 
85.09 
83.43 
81.83 
80.17 

78.47 
76.82 
75-20 


109.4 
110.6 

m.5 

112.2 
112.5 

112.4 
112.2 
111.7 
111.0 
110.0 

109.0 
107.7 
106.3 
104.8 
103.4 

101.7 
100.0 
98.20 
96.41 
94.51 

92.58 
90.75 
88.80 
86.94 
8^.96 

83.05 
81.20 
79.33 
77.U 
75.59 

73.80 
72.07 
70.29 


121.9 
122.2 
122.1 
121.8 
121.2 

120.1 
119.0 
117.6 
116.1 
1U.3 

112.6 
110.6 
108.7 
106.5 
104.5 

102.3 
100.0 
97.75 
95.60 
93.28 

91.05 
88.8^ 
86.73 
8^.50 
82.37 

80.21 
78.15 
76.05 
74.04 
72.11 

70.16 
68.30 
66.^3 


U5.0 
U3.1 
U0.9 
138.5 
136.0 

133.4 
130.5 
127.5 
124.5 
121.5 

118.3 
115.3 
112.1 
109.0 
106.0 

103.0 
100.0 
97.05 

94. U 

91.36 

88.50 
85.87 
83.24 
80.68 
78.18 

75.73 
73.36 
71.12 
68.83 
66.73 

64.68 
62.67 
60.70 


165.3 
161.2 
157.2 
152.9 
U8.6 

144.3 
140.0 
135.7 
131.4 
127.2 

123.0 
119.0 
115.0 
111.1 
107.2 

103.6 
100.0 
96.53 
93. U 
89.92 

86.76 
83.66 
80.71 
77.90 
75.21 

72.54 
69.99 
67.55 
65.20 
62.93 

60.75 
58.65 
56.62 


182.9 
177.0 
170.9 
165.1 
159.2 

153.4 
U7.7 
U2.3 
136.8 
131.7 

126.7 
121.8 
117.0 
112.5 
108.1 

104.0 
100.0 
95.98 
92.31 
88.75 

85.21 
82.02 
78.91 
75.78 
72.93 

70.10 
67.51 
64.90 
62.49 
60.12 

57.87 
55.76 
53.70 


212.4 
202.7 
193.6 
18^.6 
176.0 

167.9 
160.0 
152.7 
U5.6 
138.7 

132.3 
126.2 
120.4 
114.9 
109.6 

104.7 
100.0 
95.46 
91.19 
87.16 

83.34 
79.73 
76.20 
72.97 
69.78 

66.83 
64.02 
61.33 
58.77 
56.38 

54.09 
51.89 
49.77 


85.04 
84.67 

94.26 

114-  19 
117.96 

115-  03 
119.61 

124.93 
125.40 
125.02 
123.29 
120.01 

117.05 
113.42 
109.55 
105.95 
103.29 

101.65 
100.00 
98.42 
97.31 
96.45 

95.05 
92.44 
89.99 
87.58 
85.60 

83.57 
81.86 
80.27 
78.80 
76.79 

74.43 
72.09 
69.68 
^7.48 
65.48 


96.56 
95.06 

104.69 
125.54 
128.44 
124.18 
127.96 

132.59 
132.10 
130.79 
128.13 
123.97 

120.22 
115.88 
111.38 
107.22 
104.09 

102.03 
100.00 
98.08 
96.66 
95.52 

93.88 
91.06 
88.43 
85.87 
83.76 

81.61 
79.79 
78.10 
76.55 
74.49 

72.09 
69.74 
67.32 
65.12 
63.12 


108.08 
105.45 

115.11 
136.89 
138.91 
133.27 
136.32 

140.25 
138.80 
136.55 
132.97 
127.93 

123.40 
118.34 
113.21 
108.50 
104.89 

102.41 
100.00 
97.74 
96.02 
94.60 

92.70 
89.68 
86.87 
8i^.l6 
81.91 

79.64 
77.71 
75.94 
74.30 
72.18 

69.76 
67.38 
64.97 
62.76 
60.77 


131.13 
126.22 

135.97 
159.58 
159.87 
151.45 
153.03 

155.58 
152.20 
148.07 
142.66 
135.8/, 

129.75 
123.27 
116.86 
111.04 
106.  iiS 

103.16 
100.00 
97.07 
94.72 
92.74 

90.35 
86.93 
83.76 
80.74 
78.21 

75.71 
73.57 
71.61 
69.81 
67.58 

65.09 
62.68 
60.25 
58.04 
56.05 


292.42 
211 M 

281.97 
318.45 
306.57 

270.00 

262.85 
2ii.6.00 
228.75 
210.46 
191.24 

174.19 
157.73 
U2.45 
128.88 
117.63 

108.44 
100.00 
92.32 
85.68 
79. 7B 

73.91 
67.62 
61.97 
56.8I 
52.35 

48.20 
44.57 
41.29 
38.32 
35.32 

32.40 
29.72 
27.23 
25.00 
23.03 
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Table  3.    Computational  table  for  ICI  llluminants  "B"  and  "C"^. 


Illuminant  "B"  Wave-  Illuminant  "C" 


length 

xE  yE  ^  in  in^  ^  ^ 


3 

13 

U 
60 

380 
90 

4 
19 

20 
89 

56 
217 
812 

1983 
2689 

2 
6 

24 
81 
178 

268 
1033 
3899 
9678 
13489 

400 
10 
20 
30 
40 

85 
329 
1238 
2997 
3975 

2 
9 
37 
122 
262 

404 
1570 
5949 
14628 
19938 

27U 

1718 
870 
295 

310 
506 
800 
1265 
1918 

14462 
U085 
11319 
7396 
4290 

450 
60 
70 
80 
90 

3915 
3362 
2272 
1112 
363 

U3 
694 
1058 
1618 
2358 

20638 
19299 
U972 
9461 
5274 

U 
81 

5a 

U58 
2689 

2908 
4360 
6072 
7594 
8834 

2449 
1371 
669 
372 
188 

500 
10 
20 
30 
40 

52 

89 
576 

1523 
2785 

3401 
4833 
6462 
7934 
9U9 

2864 
1520 
712 
388 
195 

a83 

58AO 
7472 
8843 
9728 

9603 
9774 
9334 
8396 
7176 

84 
38 
21 
16 
10 

550 
60 
70 
80 
90 

4282 
5880 
7322 
8417 
8984 

9832 
9841 
9147 
7992 
6627 

86 
39 
20 
16 
10 

9948 
9436 
8140 
6200 
4374 

5909 
4734 
3630 
2558 
1709 

7 
3 
2 

600 
10 
20 
30 
40 

8949 
8325 
7070 
5309 
3693 

5316 
a76 
3153 
2190 
1443 

7 

2 
2 

2815 
876 
220 

1062 

DJ.(C 
321 
16Q 
80 

650 
fin 

70 
80 
90 

2349 

708 
369 
171 

886 

259 

134 
62 

108 

53 
26 
12 
6 

39 
19 
9 
4 

2 

700 
10 
20 
30 
40 

82 
39 
19 
8 
4 

29 
U 
6 

3 
2 

2 
2 
1 

1 
1 

750 
60 
70 

2 
1 
1 

1 
1 

99072 

100000 

85223 

980il 

100000 

118103 

0.34848 

0.35175 

0.29977 

0.31012 

0.31631 

0.37357 

98954 
0.34835 

99964 
0.35190 

85U9 
0.29975 

Slims  ^ 

400-700 

^»  yw»  ^ 

979U 
0.31004 

99973 
0.31646 

117994 
0.37350 

a/    See  text 
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Table  4..    Computational  table  for  Carbon  Arc  and  Fluorescent 

6500K' 


Carlcn  Arc 

Wave- 
length ^ 

Fluorescent^^QQj^ 

xE 

ZE 

in 

xE 

yE 

zE 

136 

631 

380 

505 

12 

2412 

90 

17A0 

^9 

8<:63 

400 

383 

11 

1819 

5222 

U5 

24895 

10 

1680 

47 

8009 

15A69 

/;60 

74309 

20 

6923 

206 

33257 

289ii3 

118  <i 

141256 

30 

18004 

736 

87872 

3^362 

<:<i69 

172364 

40 

2658I 

1755 

133331 

3<:d1d 

3d8o 

171917 

450 

29660 

3353 

156337 

27733 

5722 

159190 

60 

27674 

5710 

158851 

I8635 

8679 

122797 

70 

19177 

S931 

126367 

927/; 

13^85 

78872 

80 

9288 

13504 

78983 

3157 

20521 

45895 

90 

3OU 

19588 

43810 

ii.92 

32397 

27282 

500 

447 

29456 

248O6 

9A9 

51279 

16127 

10 

830 

44874 

6A5^ 

72382 

7972 

20 

5459 

61228 

6744 

16872 

4301 

30 

13944 

72626 

3556 

29127 

95688 

2036 

40 

23603 

77539 

1650 

ii.2758 

9816^ 

858 

550 

33505 

76922 

672 

56697 

92^892 

372 

60 

45370 

75934 

298 

7U28 

89226 

197 

70 

60428 

75486 

166 

82866 

78679 

155 

80 

77201 

73300 

U3 

89A59 

65970 

95 

90 

91559 

67534 

98 

8907^ 

52915 

67 

600 

98978 

58797 

75 

82^28 

il35^ 

25 

10 

91435 

45872 

27 

688A0 

30697 

16 

20 

7368I 

32856 

18 

50702 

20915 

30 

49662 

20486 

3A6U 

1352^ 

40 

30627 

11966 

21908 

8269 

650 

16573 

0255 

127A3 

60 

OlDY 

3021 

6898 

2526 

70 

l<t:Do 

3693 

13^2 

80 

1532 

556 

1828 

661 

90 

585 

211 

919 

331 

700 

173 

10 

238 

82 

20 

Mercury  Lines'^ 

405 

JO 

7048 

436 

50836 

2753 

25I84I 

546 

1094 

578 

19511 

19539 

35 

9ii9236 

1000267 

1062304 

Sums 

974769 

1000000 

1141021 

0.31517 

0.33212 

0.35271 

0.31285 

0.32094 

0.36621 

9^7880 

1000000 

1059261 

^^400-700 

0.31521 

0.33254 

0.35225 

S^S(excl.  Hg) 

869658 

890110 

881003 

0.32932 

0.33706 

0.33362 

2^S(Hg  only) 

105111 

109890 

26OOI8 

0.22128 

0.23134 

0.54738 

a/    See  text 
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Table  5,    Computational  table  for  Carbon  Dioxide,  CO2  (25inm),  C02>  (20inm), 


CO2  {25inm) 

Wave- 

00 -    i  OC\Tcm\ 

xE 

vE 

zF 

XQ  uflLl 

XCj 

yE 

zE 

380 

90 

7'-' 

135 

4 

643 

400 

XiCA 

4 

507 

503 

U 

2397 

10 

488 

13 

2326 

1592 

48 

7646 

20 

U85 

44 

7135 

3195 

130 

1  CO 

X4^<C 

1  /  AA-J 
X40o^ 

292 

22222 

071 

*ivJ574 

'546 

?*5z6/ 

474 

<3U4^ 

3308 

682 

18988 

60 

3041 

628 

17456 

2211 

1030 

14568 

70 

2081 

969 

13712 

X7O0 

XX5v7 

OU 

1  odd 

1872 

10953 

or* 

387 

<i510 

5d13 

3p^d 

5UU 

53 

3445 

2902 

115 

6208 

1952 

10 

113 

6103 

1919 

779 

8742 

962 

20 

730 

8193 

902 

455 

30 

1721 

89o5 

439 

on/ 

4U 

2935 

9639 

<;05 

3QQZ. 

7X  /  X 

ou 

"5000 

8V5V 

78 

605-^ 

10132 

40 

60 

5688 

9519 

37 

7296 

9113 

20 

70 

9337 

21 

6662 

6326 

12 

80 

6Q1ft 

opoo 

7086 

5226 

7 

70^1 
( v>/<cx 

f^'i  7Q 
5X/7 

0 

10352 

6150 

8 

WW/ 

5o?U 

0 

A8O9 

2^3 

1 

10 

8921 

4476 

3 

4751  ' 

2118 

1 

20 

4742 

2115 

1 

3441 

1420 

XpxiV 

34^8 

1347 

AW 

"^y  *\/ 

-5454 

J-547 

30A9 

1151 

650 

2721 

1027 

U70 

5U 

60 

U27 

527 

432 

158 

70 

355 

130 

238 

87 

80 

255 

93 

41 

90 

118 

42 

74 

26 

700 

7ft 

pft 

23 

8 

10 

20 

8 

17 

6 

?0 

XA 

c 
-> 

90900 

100015 

131325 

Sums 

92592 

100014 

122619 

0.28209 

0.31037 

0.40754 

^>  y*, 

0.29373 

0.31728 

0.38899 

90860 

100000 

131325 

2^400-700 

92558 

100000 

122619 

0.28201 

0.31038 

0.40761 

0.29367 

0.31728 

0.38905 
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Table  6.    Computational  table  for  FluorescsntY^joK  Fluorescenti30QQg. 


153299 
5208039 
3399766 
180^306 


3965 
28202^ 
89-U839 
18069^9 


728169 
258004.76 
111810 
3252 


Mercury  Lines 
^05 
^36 
5-46 
578 


a/ 


162639 
5780778 

3623755 
185^630 


^206 
313039 
953a56 
18573ii6 


Fluorescent 

755OK 

Wave- 
-  length 

Fluorescent 

I3OOOK 

7E 

i£ 

in  TSfi 

SEE 

n 

zE 

380 
90 

5A9U 
229687 
911260 
229327^ 
3210555 

1536 
6336 
27121 
93702 
212009 

26074A 
1095106 

kJll'iOk 
11192533 
1610^396 

4.00 
10 
20 

30 

4,0 

94209 
373347 

3379032 
4523321 

2635 
10299 

I38O65 
298693 

447329 
1780043 
0772307 
16491674 
22689333 

3U9261 

2157283 
1031795 
33^090 

386^72 
6^9820 
1004.671 
I5OO2OA 
2171588 

18022819 
13077999 
14,215  54k7 

^856839 

450 
60 
70 
30 
90 

4586447 
4026373 

267/.l8*i 

1246415 
395546 

513397 
330751 

1812256 
2571043 

24175025 
23111493 

X  /Dicdl  /U5 

10599741 
5750247 

^88^2 
88585 
576839 
U36171 
2378/^50 

3219603 
A791224 
6/^70077 
74.80238 
7813502 

27112^4. 

1506902 
712620 
366202 
166262 

500 
10 
20 

30 

uo 

56288 
988^3 

1527659 
2445902 

3710382 
5346012 

7956749 
8O35O9I 

3124532 
1631390 
779896 
339530 
170977 

336^372 
/;^58888 
5853110 
7367282 
87U3^8 

7723928 
7^62733 
7311588 
6995018 
6U98^1 

67536 
29251 

13668 
9372 

550 
60 

80 
90 

3366375 
4327738 
549-^326 
6676992 
11513^2 

7728524 
72^3228 
0860903 
6339609 
5720033 

67576 
23391 
15134 
12388 
3312 

9313129 
86^0175 
69913^6 
A313332 
'i94'i795 

5532^65 
^33^738 
3117630 
198557A 
114.9736 

70U 

2585 

600 
10 

30 
UQ 

8I34505 
7437226 

5909534 

4087202 
2494317 

4332304 
3731224 
2670917 
1686034 
974560 

6127 
2225 
1402 

1567095 
755678 
330382 
U2159 
5^652 

591A61 
2795a 
12096^; 
51639 
1972,2 

650 
60 
70 
80 
90 

1322879 
638613 
279945 
120603 
46765 

499283 
236238 
102497 
43809 
16893 

20777 

7472 

700 

18091 

6507 

772533 
23637806 
119177 
3343 


97245393 

100000000 

129231992 

Slims 

97078662 

100000000 

1652596a 

0.29786 

0.30630 

0.39584 

yw»  hi 

0.26792 

0.27599 

0.45609 

86679988 

33962223 

102588285 

^^fexcl.Hg) 

85656860 

88291253 

135726782 

0.31154 

0.31974 

0.36872 

0.27660 

0.28511 

0.43829 

10565410 

U037777 

26643707 

^'"'(Hg  only) 

11421802 

11708747 

29532859 

0.21898 

0.22878 

0.55224 

^>  yw»  hi 

0.21688 

0.22233 

0.56079 

a/  See  text 


Table  7.    Computational  table  for  Macbeth^^QQg  and  Macbeth7500K. 


  length   — — 


xE  7E  IE  in  SE  fE  zE 


380 
90 

10664 

38751 
133311 
302898 
376937 

299 
1069 
3968 
12376 
24891 

50634 
184758 
640366 
1478319 
1890742 

400 
10 
20 
30 
40 

12158 
44434 
150423 
337728 
420248 

340 
1226 
4477 
13799 
27751 

57730 
211853 
722565 
1648314 
2107997 

373425 
322188 
213377 
101766 
33625 

42208 
66476 
99372 
147966 
2I8562 

1968311 
1849367 
1406057 
865439 
488822 

450 
60 
70 
80 
90 

410377 
347541 
227337 
107105 
34811 

46384 
71708 

105873 
155728 
226268 

2163O84 
1994897 
U98053 
910843 

506056 

5070 
9409 
61559 

334234 
508874 
690477 
7Q71S2 
86648I 

28I46O 
160047 
76050 

18437 

500 
10 
20 

40 

5237 
9652 
62640 

260990 

345213 
522039 
702600 
70870 

857386 

290706 
I64I88 

77385 
18244 

417010 
610539 
811872 

897335 

957370 
1021844 
1014174 

661875 

8371 
4005 

2237 

1<t8? 
962 

550 
60 
70 
8n 

90 

4O6I92 
607265 

816166 
895131 

932535 
1016365 
1019538 

660250 

8154 
3984 
2249 

959 

869379 
804478 
658O88 
458861 
287161 

516455 
403603 
293459 
189287 
112198 

655 
241 

154 

600 
10 
20 
30 
40 

834048 
780455 
637255 
U7940 
273203 

495466 
391551 
284169 

184782 
106744 

628 
233 
U9 

YJllll 
107058 
63238 
38424 
19928 

67097 
39596 
23154 
13958 
7198 

650 
60 
70 
80 
90 

164066 
98802 
60328 
36711 
19736 

61922 
36549 
22088 
13335 
7129 

9899 

3560 

700 

10186 

3663 

9537412        10000000        11416141  Sums  9594612        10000000  12429100 

0.30812  0.32306  0.36882  7w>  ^        0.29961  0.31227  0.38812 
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Table  8.    Computational  table  for  Abbot  Daylight  and  Gibson  l/X    ( .1  ♦  .9) 


Abbot  Daylight 

Wave- 
length 

in  rsp. 

Gibson  lA^ 

(.1*.9)  _^ 

xE 

yE 

xE 

yE 

is 

8 
25 

1 

37 
U9 

380 
90 

1100 
3284 

79 

5106 
15719 

98 

370 
1213 
2560 
■  3335 

3 
10 

36 

10-4 
221 

463 

1766 
5826 
12492 
16728 

400 
10 

20 
30 
40 

12449 
45878 

U6425 
301750 
384773 

348 
1265 
4358 
12329 
254O8 

59113 

2I8736 
703366 
1472720 
1930047 

3/i29 
3030 

1010 
33^ 

387 
625 
961 
U69 
2170 

18071 
17395 
13598 
8594 
4852 

450 
60 
70 
80 
90 

387925 
336802 
225625 
108860 
35469 

43846 
69491 
105076 
158280 
230549 

2044738 
1933253 
1486768 
925766 
515632 

50 

623 

1592 
27i;8 

3327 
5078 
6996 

8293 
9028 

2802 
1597 
770 
406 
192 

500 
10 
20 
30 
40 

5297 
9742 
64047 
161950 
277037 

349186 
526915 
718379 
843511 
910101 

294051 
165721 
79123 
41295 
19366 

5532 
7027 
8A07 
9387 

93^2 
9258 
8778 
7981 
6924 

82 
36 
20 
16 
10 

550 
60 
70 
80 
90 

406892 
549079 
692753 
823527 
9U238 

93^144 

918979 
865372 

781915 
674342 

8168 
3602 
1909 
1528 
980 

9626 
8881 
7A01 

3722 

5719 
U56 
3300 

U54 

7 
3 
2 

600 
10 
20 

40 

932483 
855993 
710131 

354109 

553942 
429U8 
316666 

138355 

702 
256 
166 

23O8 
1319 
688 
363 
172 

871 
^9 
252 
132 
62 

650 
60 
70 
80 
90 

218820 
124674 
64796 
34060 
16099 

82588 
46120 
23724 
12373 
5816 

t\ 
f 

1 

t 

700 
10 
20 
30 
40 

7837 
3862 
1867 
873 
423 

2819 
1398 
644 
311 
181 

2 

1 

750 

9m  100029         105m  ^  ^'^^'^^ 

C.52CU2         0.33015        C.3k^^  ^      0.30755         0.31583  0.37662 


96975  100000 
0.32037  0.33035 


105728  Sums^QQ^^Qo  <r729U9 
0.34928        x^,  y^,  0.30753 


10000000  11907006 

0.31609  0.37638 
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Table  9.    Computational  table  for  Gibson  l/^   (.15  +.85)  and  (,2  +  .8) 


Gibson  l/?r  (.15 

♦  .85) 

Wave- 

Gibson  l/X^  f.2 

+  .8^ 

-  length 

xE 

i  n  mil 

XEi 

zE 

12U 

5775 

380 

1387 

6441 

87 

17578 

90 

4061 

96 

19432 

13776 

386 

65a2 

400 

15092 

422 

71658 

50252 

1386 

239592 

10 

54593 

1506 

260290 

1  Add / n 

1  noQ 
4  / ''-O 

cn 

cno/ 

32U13 

13255 

1583325 

30 

346877 

14173 

1692964 

410118 

27082 

2057181 

40 

435302 

28746 

2183509 

aoi9ii 

46363 

2162119 

450 

432292 

48861 

2278603 

353491 

72935 

2029045 

60 

370050 

76352 

23.24102 

0!)lD9 

icy  OA  CO 

70 

«i44o<ix 

1 1  ■2000 

Xl^y«£<d 

1  At  1 0  /  c 

112717 

163888 

958566 

80 

116543 

169451 

991110 

36504 

237280 

530685 

90 

37532 

243957 

545619 

5421 

357322 

300902 

500 

5544 

365422 

307724 

9917 

536361 

168692 

10 

10090 

545729 

171639 

7 07 Aon 

8m  y  8 

163288 

850479- 

41636 

30 

164629 

85746I 

41978 

278154 

913773 

19444 

40 

279260 

917403 

19522 

406909 

934181 

8I69 

550 

406920 

934207 

8169 

547057 

915596 

3589 

60 

• 

545041 

912222 

3576 

687818 

18q6 

70 

68?Qn8 

1882 

815614 

773832 

1512 

80 

8O6634 

765876 

U96 

902089 

66538I 

967 

90 

890109 

656545 

954 

9176U 

545109 

691 

600 

902741 

536274 

681 

840110 

42U79 

251 

10 

824330 

413562 

247 

507607 

209396 

30 

495666 

204470 

345222 

134882 

40 

336353 

13U17 

212900 

80354 

650 

206996 

78126 

121074 

U788 

60 

117483 

43459 

62812 

22998 

70 

6O85O 

22279 

32966 

11975 

80 

31879 

II58O 

15560 

5621 

90 

15022 

5427 

7562 

2720 

700 

7291 

2622 

3722 

1348 

10 

3583 

1297 

1796 

619 

20 

1727 

596 

839 

300 

30 

806' 

288 

407 

174 

40 

390 

167 

9756386 

10002529 

12590032 

Slims 

9771934 

1000?/./,/. 

13247061 

0.30160 

0.30921 

0.38919 

^>  7w> 

0.29593 

0.30291 

0.40116 

97U704 

10000000 

12566679 

^^^400-700 

9759980 

10000000 

13221188 

0.30159 

0.30949 

0.38892 

0.29593 

0.30320 

0.40087 

r 
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Table  lOi    Computational  table  for  Gibson  l/7r  (,3*  .7)  and  (l.O*C| 


Gibson  1/X^  (.3 +  .7)  ^^"^^  Gibson  l/X^  (1.0  +  0) 

 .  .        .  length   .   

xE  yE  iE  in  JHP  ^  yE  lE 


f  (Of 

>545 

16459 

9880 

236 

47282 

'Ar7  J 

8/028 

4.00 

3Z.Q17 

Q77 

1667Q6 

63179 

1743 

301228 

10 

119958 

3309 

571938 

195557 

5820 

939373 

20 

356802 

.10619 

1713926 

391330 

15989 

1909918 

7vy  7  7JLW 

30 

686273 

28000 

3344637 

4.85107 

3203A 

2433336 

4.0 

81A369 

63776 

40848Q0 

A76057 

63807 

260Q283 

Z.60 

766262 

86496 

4033621 

i;02826 

831U 

■  2312228 

60 

619482 

127816 

3555841 

263330 

122636 

1735224 

70 

387066 

180260 

2550592 

12/127 

180/78 

1066603 

80 

17/  ^''^2 

1  /8l  f^Q^^ 

39663 

267167 

6761A2 
J  /  p  1  «>«. 

QO 

62QQ/ 

3///f)2 

770/01 

'^7^7 
J 1^  1 

381^32 

3?i 2n6 

6nn 

/ ^7220 

/I n2Qn 

1043-4 

564330 

177489 

10 

12703 

687039 

2I6O83 

67325 

755U8 

83173 

20 

78085 

875830 

96465 

rt7i  1  <;'a 

4.<^O40 

X04 / uo 

yO/tUp  r 

Vfl / /4 

onAr^d 
<cUO  fo 

0J.O0 

550 

400904 

no  tic/ 

934354 

tin  Aq 

5a078 

905588 

3550 

60 

5U814 

861632 

3377 

673293 

841065 

1855 

70 

609266 

761082 

1679 

1405 

OU 

T  cAo 

Q2ft 

on 

618877 

668 

f)7Q8/ 

y  n'^8f>n 

612 

7932A1 

397965 

238 

10 

587086 

294539 

176 

651336 

2904A9 

153 

20 

458503 

204459 

107 

472065 

194734 

30 

316030 

130367 

3l882ii 

124569 

40 

203047 

79333 

195350 

73730 

650 

118331 

44661 

110415 

40845 

60 

63645 

23544 

56963 

208 56 

70 

31250 

11442 

29735 

10802 

80 

15530 

5641 

13962 

50U 

90 

6943 

2508 

6753 

2429 

700 

3199 

1150 

3308 

1198 

10 

U93 

540 

1590 

548 

20 

684 

236 

7A0 

264 

30 

303 

108 

357 

153 

40 

139 

60 

9803079        10002278        14547413  Sums  10008435        10001180  23143633 

0.28537  0.29116  0.42347  7v*  ^        0.23193  0.23176  0.53631 


9790588  10000000 
0.28538  0,29148 


U516566  Sums^QQ^^QQ  9992391 
0.4^3U      x^,  7^,  0.23199 


10000000 
0.23217 


23079892 
0.53584 
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Table  11.    Computational  table  for  Planckian  7000K  and  8000K 


Planckian/^QQQ^ 

Wave- 

1  pnc'tVi 

PlanckiangQQQj 

xE 

7E 

In  B91 

xE 

zE 

90 

1636 

46 

7767 

400 

194 

5 

919 

-4986 

137 

23776 

10 

581 

16 

2769 

15396 

459 

73954 

20 

1768 

53 

8493 

32^22 

^  ^- 

1325 

158237 

30 

3669 

150 

17908 

39593 

2615 

198602 

40 

4421 

292 

22177 

37S65 

4280 

199583 

- 

450 

4185 

473 

22057 

32^72 

6700 

I86388 

60 

3543 

731 

20335 

215^5 

10034 

141975 

70 

2326 

1083 

15324 

10408 

15132 

88505 

80 

1111 

1616 

9447 

3433 

22316 

499U 

90 

363 

2358 

5274 

517 

34117 

28730 

500 

54 

3566 

3003 

965 

52205 

16420 

10 

100 

5412 

1702 

6453 

72384 

7972 

20 

662 

7427 

818 

16539 

86145 

4217 

30 

1683 

8767 

429 

28463 

93502 

1990 

40 

2872 

9433 

200 

41606 

95518 

835 

550 

4168 

9568 

84 

55770 

93341 

366 

60 

5550 

9288 

37 

69893 

87309 

193 

70 

6900 

8619 

19 

152 

80 

15 

89812 

66245 

96 

90 

8749 

6453 

9 

90723 

53894 

68 

600 

8772 

5211 

7 

83553 

41918 

25 

10 

8033 

4031 

3 

69513 

30998 

17 

20 

6636 

2959 

2 

,21008 

1QQ5 

34610 

13522 

40 

3268 

1276 

21331 

805I 

650 

2003 

756 

12090 

4473 

60 

1129 

418 

6236 

2283 

70 

580 

212 

3251 

1181 

80 

301 

109 

1536 

555 

90 

U2 

51 

750 

270 

700 

69 

25 

372 

135 

10 

34 

12 

181 

62 

20 

16 

6 

967037 

1000197 

1189779 

Sums 

96773 

100018 

131002 

0.30631 

0.31682 

0.37687 

^>  7wr 

0.29523 

0.30512 

0.39965 

966484 

1000000 

1189779 

^^^400-700 

96723 

100000 

131002 

0.30621 

0.31683 

0.37696 

0.29513 

0.30514 

0.39973 

Table  12.    Tsble  of  equivalents!    Color  temperature  in  doerees  E 
and  in  micro-reciprocal  degrees  (nlreds  or  prd)*% 


Table  13.    Spectral  apparent  reflectance  data  for  8  pairs  of  suqilaa 
selected  for  use  In  studying  rarioua  iUnalnants  if 


Color 
teaperature 

Color 
temperature 

;ird 

Wave- 

Judd Pairs 

Other  Pairs 

10 

length 

OUve 

Blue 

Brom 

OmgB-BluE 

Tellovs 

Coffee 

Tobacco 

100,000 

4,800 

208 

■)i 

50 

20,000 

4,900 

204 

1  2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

100 

10,000 

5,000 

200 

125 

8,000 
7,692 
7,634 

5,100 

196 

400 

.066  .029 

.130 

.066 

.a9 

.333 

.043 

.046 

.350 

.400 

,070 

.070 

.029 

.024 

.035 

.040 

130 

5,200 

192 

10' 

.066  .030 

.131 

.068 

.420 

.343 

.043 

.046 

.300 

.430 

,070 

.070 

.029 

.024 

,035 

.040 

131 

5,300 

189 

2b 

.065  .032 

.130 

.073 

.41/. 

.351 

.043 

.046 

.250 

.470 

,075 

.075 

.030 

.025 

.037 

.040 

132 

7,576 

5,400 

185 

30 

.063  .039 

.128 

.086 

.406 

.358 

.043 

.046 

.230 

.500 

,060 

.060 

.030 

.025 

.037 

.040 

133 

7,519 
7,463 

5,500 

182 

40 

.061  .046 

.124 

.106 

.393 

.363 

.043 

.046 

.210 

.530 

,090 

.090 

.031 

.026 

.038 

.042 

134 

5,600 

179 

135 

7,407 

5,700 

175 

450 

.058  .051 

.125 

.132 

.380 

.368 

.043 

.046 

.200 

.550 

,100 

.100 

.032 

.026 

.039 

.OU 

136 

7,353 

5,800 

172 

60 

.055  .054 

.132 

.163 

.362 

•371 

.044 

.047 

.195 

.570 

,U0 

.110 

,032 

.027 

,040  .046 

137 

7,299 

5,900 

169 

70 

.050  .065 

.151 

.200 

.346 

.376 

.044 

.049 

.195 

.585 

,130 

.130 

.033 

.028 

.045 

.050 

138 

7,246 

6,000 

167 

80 

.046  .101 

.180 

.242 

.328 

.386 

.044 

.053 

.195 

.590 

.155 

.155 

.034 

.029 

.047 

.052 

139 

7,194 

6,100 

164 

90 

.042  .132 

.215 

.281 

.309 

.408 

.044 

.062 

.195 

.585 

.195 

.195 

.035 

.030 

.052  .056 

140 

7,U3 

6,200 

161 

141 

7,092 

6,300 

159 

500 

.040  .131 

.256 

.303 

.289 

.391 

.OU 

.067 

.200 

.580 

.240 

.240 

.036 

.031 

.060 

.060 

142 

7,042 

6,400 

156 

10 

.043  .117 

.279 

.301 

.270 

.348 

.OU 

,061 

.205 

.560 

,350 

.300 

.038 

.033 

.070 

.067 

143 

6,993 

6,500 

154 

20 

.052  .093 

.274 

.282 

.251 

.277 

.045 

.052 

.220 

.540 

,500 

.370 

.040 

.035 

.080 

.074 

144 

6,944 

6,600 

152 

30 

.068  .075 

.247 

.252 

.233 

.2a 

.046 

.051 

.250 

.530 

.580 

.430 

.042 

.036 

.090 

.060 

145 

6,897 

6,700 

U9 

40 

.085  .065 

.211 

.a3 

.217 

.183 

.047 

.052 

.290 

.510 

.620 

.480 

.044 

.038 

.096 

.066 

146 

6,849 

6,800 

U7 

147 

6,803 

6,900 

U5 

550 

.101  .058 

.177 

.182 

.201 

.1&7 

.048 

.054 

.350 

U90 

.630 

.520 

.046 

.041 

.108 

.095 

148 

6,757 

7,000 

U3 

60 

.114  .054 

.U5 

.U8 

.188 

.153 

.051 

.056 

.420 

.470 

.630 

.560 

.048 

.042 

.U6 

.102 

149 

6,7U 

7,100 

Ul 

70 

,123  .053 

.UO 

.116 

.174 

.Ul 

.057 

.058 

.500 

U60 

.620 

.580 

.051 

.045 

.130 

.110 

150 

6,667 

7,200 

139 

80 

.124  .051 

.063 

.067 

.163 

.129 

.065 

.061 

.560 

.450 

.600 

.600 

.054 

.047 

.142 

.120 

151 

6,622 

7,300 

137 

90 

.115  .050 

.064 

.068 

.153 

.126 

.077 

.068 

.620 

.440 

.580 

.610 

.057 

.050 

.155 

.132 

152 

6,579 

7,400 

135 

-565 

.060 

153 

6,536 

7,500 

133 

600 

.100  .050 

.052 

.056 

.142 

.132 

.090 

.078 

.650 

.425 

.610 

.054 

.170 

.U3 

154 

6,494 

7,600 

132 

10 

.083  .057 

.OU 

.048 

.134 

.132 

.100 

.082 

.680 

.U5 

.550 

.600 

.064 

.058 

.177 

.155 

155 

6,452 

7,700 

130 

20 

.070  .079 

.036 

.039 

.128 

.130 

.107 

.083 

.710 

.400 

.530 

.590 

.069 

.061 

.191 

.168 

156 

6,ao 

6.369 

7,800 

128 

30 

.029 

.032 

.122 

.131 

.107 

.084 

.730 

.390 

.515 

.580 

.074 

.066 

.211 

.185 

157 

7,900 

127 

40 

.053  .166 

.024 

.026 

.120 

.144 

.101 

.091 

,740 

.380 

U95 

.565 

.078 

.070 

.226 

.202 

6,329 

8,000 

125 

159 

6,289 

8,500 

118 

650 

.055  .229 

.022 

.024 

.116 

.173 

.101 

.106 

.750 

.375 

.475 

.550 

.083 

.075 

.226 

.2U 

160 

6,250 

9,000 

111 

60 

.078  .295 

.026 

.030 

.105 

.217 

.105 

.UO 

.750 

.375 

.450 

.530 

.089 

.080 

.200 

.208 

161 

6,211 

9,500 

105 

70 

.118  .358 

.036 

.043 

.098 

.279 

.107 

.198 

,750 

.375 

.430 

.515 

.095 

.086 

.185 

.2U 

162 

6,173 

10,000 

100 

80 

.166  U05 

.054 

.064 

.093 

.367 

.105 

.262 

.750 

.380 

.410 

.500 

.102 

.093 

.240 

.254 

163 

6,135 

11,000 

91 

90 

.220  .435 

.079 

.096 

.091 

.462 

.103 

.342 

.750 

.390 

.390 

.480 

.108 

.098 

.330  .296 

164 

6,098 

12,000 

83 

165 

6,061 

13,000 

77 

700 

.280  .460 

.116 

.UO 

.090 

.546 

.100 

.U9 

.750 

.400 

,370 

.460 

.lU 

.104 

.370 

.322 

175 

5,7U 

U.OOO 

71 

200 

5,000 

15,000 

67 

205 

4,878 

20,000 

50 

210 

4,762 
4,651 

25,000 

40 

^  See 

text 

215 

50,000 
75,000 

20 
13 

a/   See  text 


Table  U,    Spectral  apparent  reflectance  for  30  cotton  samples  selected  for  use  In  studying  Tarloua  illuminants  ^ 


length 


Sample  loaber 


401    402    «3    404    406    406    407    406    409    410411412    801    802    803     803.  804    805    806    807    806    809    810    811    812    330    330a  430    S30  630 


400  .660  .668  .569  .667  .576  .574  .660  .584  .675  .556  .515  .528  .612  .516  .521  .634  .486  .523  .  518  .  522  .499  .  506  .470  .  526  .  512  .491  .515  .490 

10  5n.5715B16BlEB8    6e45r2C08eB466952654152363e  .531  547    502    633'»5    534    626    530S10    617    480    537    626    50e    530  S01 

20  591    592    600    602    008    606    594    629    607    591    546    562    538    543    660  566    517    549    509    S53SS>5425265314975S9    646  5S7SSOS18 

30  611613620625629625    616    648629612566564552560570  685533566623572552556542648    514  578566S48570534 

40  630632638644   646    643    636    666    648    633    585    804    567    576    589  603    649    580    637    589    666    669    560    664    531    598    587    568    SB8  6S1 


490 

60 
70 
80 
90 


.644 

659 
674 
689 
701 


,649  .656 
662  670 
678  664 
692  699 
706  7U 


,660  .661 
677  678 
692  692 
708  706 
7Z1  718 


.668  .652  .681 
674  669  697 
689  684  712 
702  698  726 
714    711  737 


,666  .660  .602 

681    668  620 

698    682  637 

712    699  652 

726    7U  667 


623  .580 
641  691 
658  603 
674  616 
689  628 


,689  .  604 
eOl  620 
a6  634 
628  647 
638  669 


.620  .662 
634  576 
647  590 
660  602 
672  614 


,694  .548  .605  .576 

607  560  620  587 
620  571  635  598 
633  581  648  608 
646    691    661  618 


,680  .  575  .  578 

590  590  591 

600  604  603 

609  618  616 

619  630  eS7 


,544  .6U 
668  631 
673  648 
586  661 
600  678 


.604  .686 

621  606 
639  634 
665  641 
671  667 


.604  .567 

621  582 
638  599 
654  614 
672  626 


60O 
10 
20 
30 
40 

560 
60 
70 
80 
90 

600 
10 
20 
30 
40 

660 
60 
70 
80 
90 

700 


,713 

726 
736 
746 

755 

.764 

771 
777 
784 
790 

.796 

802 
809 
814 
819 

.825 
830 
83S 
840 
843 


,718  .721 
738  730 
737  737 
746  743 
784  749 

.761  .764 
767  759 
773  764 
779  769 
786  776 

,790  .779 
796  784 
801  791 
809  799 

815  8or 

.822  .814 
830  822 
83  832 
8M  840 
849  844 


.732  .729 
741  7S7 
748  743 
762  748 
757  754 

.761  .73 
766  762 
171  767 
776  771 
781  776 

,786  .781 
790  786 
797  793 
805  801 
813  809 

.822  .819 
833  829 
844  839 
861  846 
856  851 


.726  .722  .747 
736  731  755 
744  739  760 
751  746  766 
756    761  769 

.764  .757  .772 
769  763  776 
774  768  780 
779  774  784 
784    779  789 

.789  .784  .792 
794    710  798 

800  796  804 
806  803  813 
8U   811  821 

.821  .819  .830 
829  828  839 
838  836  849 
846  844  856 
860    849  861 


,738  .724  .  681 
746  734  693 
762  741  703 
757  749  711 
762    764  719 

.767  .760  .726 
771  766  731 
776  770  739 
781  776  746 
786    780  751 

.790  .788  .768 
796  790  766 
902  797  T74 
810  804  m 
819    8»  791 

.828  .831  .799 
837    831  810 

847  840  ea 

866  848  830 
858    862  836 


,699  .638 
709  648 
713  657 
718  664 
7»  671 

.73i  .678 
728  683 
732  689 
737  696 
742  701 

.748  .707 
764  713 
764  7X 
774  729 
784  737 

,796  .747 
809  797 
821  768 
832  777 
838  784 


,647  .671 

654  681 

659  690 

664  699 

669  706 

672  .714 

676  720 

681  727 

686  733 

690  739 

,696  .746 

701  751 

709  758 

717  766 

726  776 

.736  .783 

746  793 

766  802 

766  811 

771  817 


.684  .626 
696  633 
704  640 
7U  646 
790  663 

.738  .658 
734  663 
740  669 
748  674 
763  679 

,759  .  684 

766  690 

773  697 

780  704 

788  713 

.795  .730 
805  730 
814  739 
821  748 
827  764 


.656  .601 

666  6U 

673  619 

680  625 

687  saa. 

.692  .636 

698  641 

704  646 

710  651 

715  667 

,721  .662 

738  669 

736  676 

742  684 

752  691 

,761  .701 

771  710 

781  720 

790  729 

797  735 


,672  .627 

681  634 

687  638 

692  641 

698  646 

,701  .649 

706  663 

7U  667 

716  660 

730  666 

.726  .670 
732  675 
741  681 
751  690 
761  697 

.771  ,705 
784  716 
796  726 
806  732 
811  739 


.637  .639  .638 
634    646  646 

639  662  654 
643  657  669 
648    661  665 

.661  .666  .671 

665  670  676 
668  676  680 
662    679  685 

666  684  690 

.670  .689  .696 
676  696  700 
681  704  706 
689  713  715 
697    721  723 

.704  .730  .730 
713  741  739 
721  762  749 
730  7a  7S7 
735    787  764 


.6U  .690 
634  702 
633  710 
641  718 
648  736 

.665  .730 
662  736 
668  742 
675  748 
681  7« 

.688  .760 
697  767 
7D6  773 
716  782 
736  791 

.736  .800 
749  811 
759  831 
771  830 
778  836 


.686  .673 

699  686 
706  698 
715  709 
721  718 

.728  .725 
733  733 
739  740 
745  7^ 
750  756 

.766  .763 
763  771 
771  779 
780  789 
790  797 

.800  .806 
811  817 
821  827 
830  836 
836  841 


.688  .639 

702  660 
715  660 
735  670 
735  680 

.744  .690 
752  699 
760  708 
768  716 
778  734 

.782  .733 
790  740 
798  749 

806  758 
816  768 

.833  .777 
834  786 
843  796 
861  803 
868  810 


.846  .864  .849  .860  .866  .865  .681  .866  ,864  .866  .841  .842  .790  .777  .822 


,838  .760  .803  .741  .816  .743  .740  .772  .768  .783  .841  .841  .846  .863  .815 


See  text 
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Table  15.    Formulas  for  converting  ICI  values  for  x,  y,  z 

to  UCS  values  for  r,  g,  b 


?  =  3.1956  X  +  2.U78  y    -  z 

g  =  -  2.5^55  X  +  7.0ii92  f    +    0.9963  2 

b  s  0.0000  X  +  0.0000  y    +    1.0000  2 
and  the  reverse  transformation: 

X  =  0.2i;513  r  -  0.08512  g    +    0.11996  b 

7  «  0.08852  r  +  0.11112  g    -    0.09802  b 

z  =  0.00000  r  +  0.00000  g    +    1.00000  b 


a/    See  text 


-25- 


Table  16.    Differences  in  reflectance  (ICI  -  I  value)  anQ  chromatlcity  (in  UCS  unita  for  e,  g,  and  b) 
for  pairs  of  colors  selected  by  Jadd,  as  calculated  for  15  illuminants  ^ 


Illuniinant 

Differences  in  I 

values 

,  and 

in  DCS 

units 

Approz. 
color 

Olive  Pair 

Green  Pair 

Blue  Pair 

Brown  Pair 

Description 

tempera- 
ture in 

Y 

r 

g 

b 

I 

r 

g 

b 

Y 

r 

g 

Y 

r 

g 

>ird 

xlO"^ 

xlO'^xlO'^ 

XlO'^ 

xlO*'^ 

xlO"^ 

xlO"^ 

xl0"3 

xlO"'' 

xlO-^ 

xlO"^ 

JclO' 

3x10-^ 

xlO-^ 

xlO*^ 

ICI  "B" 

208 

13 

-  30 

-  105 

*  135 

9 

-  31 

+  18 

■*•  13 

5 

-  42 

+  10 

♦  32 

X 

-  243 

*  195 

*  48 

Abbot  Daylight 

165 

12 

-177 

-  a 

♦  136 

10 

-  34 

+  29 

+  05 

04 

-  69 

*  47 

♦  22 

02 

-  268 

*  215 

♦  53 

Carbon  Arc 

157 

13 

-  164 

-  48 

♦  116 

09 

-  as 

*  40 

-12 

04 

-  59 

♦  45 

♦  U 

03 

-  247 

♦  199 

♦  48 

FLoorescent  Dayligb^^QQ^  153 

17 

-  242 

-  101 

♦  141 

09 

-  Z4 

♦  44 

-20 

07 

-  84 

♦  54 

+  30 

01 

-  319 

*  257 

♦  62 

ICI  "C" 

U9 

13 

-  275 

-132 

♦  U3 

10 

-  36 

*  33 

+  03 

04 

-  65 

*  42 

*  23 

02 

-  253 

*  200 

♦  53 

•^'='»**'6800S 

U7 

15 

-  246 

-  97 

♦  U9 

09 

-  33 

*  35 

-02 

05 

-  77 

*  54 

♦  23 

02 

-  249 

♦  198 

♦  51 

PWkian^^ 

U3 

12 

-  202 

-  78 

+  124 

10 

-  30 

♦  40 

-10 

04 

-  68 

+  54 

+  14 

02 

-  260 

♦  208 

♦  52 

U3 

U 

-  209 

-  78 

♦  131 

10 

-  34 

*  36 

-02 

03 

-  72 

+  57 

♦  15 

02 

-  269 

♦  215 

*  54 

135 

11 

-  225 

-  96 

♦  129 

10 

-  34 

*  40 

-06 

03 

-  73 

♦  60 

*  13 

02 

-  270 

♦  215 

*  55 

Macbeth 

750CK 

133 

U 

-269 

-119 

♦  150 

10 

-  33 

♦  40 

-07 

04 

-  79 

*  59 

♦  20 

02 

-  247 

♦  196 

♦  51 

Fluorescent  +  Blue 

765OK 

131 

15 

-  275 

-  138 

♦  137 

09 

-  26 

*  50 

-24 

06 

-  86 

*  64 

+  22 

01 

-  286 

♦  235 

♦  51 

Gibson 

8C00K 

125 

10 

-  240 

-  lU 

♦  126 

10 

-  34 

*  42 

-08 

03 

-  73 

*  65 

♦  OS 

02 

-  269 

♦  215 

♦  54 

Clb6on„„,„ 
90OOK 

UO 

10 

-  268 

-  U8 

♦  120 

U 

-  34 

*  49 

-15 

01 

-  76 

♦  73 

♦  03 

02 

-  268 

♦  213 

♦  55 

CO2  (Z5-) 

UO 

OS 

-  £30 

-  lu 

♦  U6 

10 

-  36 

♦  41 

-05 

01 

-127 

♦  121 

♦  06 

03 

-  229 

♦  187 

♦  42 

Fluorescent  ••■  Blue  77 
I3OOOK 

U 

-  399 

-  255 

♦  144 

10 

-  25 

♦  5S 

-33 

05 

-  33 

♦  22 

♦  U 

02 

-  3U 

♦  231 

♦  83 

a/   See  text 


Tsbl.  17.    Differences  in  reflectance  (ICI  -  T  value)  and  chrooaUclty  ^^^^         Differences  in  reflectance  (ICI  -  I  value)  and  chronatlcHy 

(In  OCS  units  for  r,  g,  and  b)  for  2  pairs  of  colors  selected  ^^^s  for  r,  g,  and  b)  for  one  pair  each  of  tobacco 

for  calculation  under  10  iiiuainanta  =  and  coffee  colors  calculated  for  four  llluminants  -2/ 


lUuinBnt 

Differences  in  T  values,  and 

in  DCS  units 

Illunlnant 

Differences  in  I  va] 

ues,  and  in  nCS 

units 

Approx* 

Yellow 

Pair 

Orange  and  Blue  Pair 

Approx. 
color 

Tobacco  Pair 

Coffee 

Pair 

Description 

color 
teiqiera— 

I 

r 

g 

b 

I 

p 

g 

b 

Description 

tempera- 
ture in 
urd 

I 

r 

S 

b 

I 

r 

K 

b 

tore  in 
nrd 

xlO-5 

xLO-5  xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO"5 

xl0"5 

xlO"5 

xlO-5 

xlO"5 

xlO"5 

xlO"5 

xLO-5 

Carbon  Arc 

157 

4756 

-  2369  ♦ 

2511 

-  142 

6401 

♦125U 

-  7592 

-  4922 

ICI  "C" 

U9 

1390 

♦  820 

♦  20 

♦  840 

603 

-  427 

♦ 

162 

♦  265 

"''°^"^5O0K 

153 

4783 

-  2294  ♦ 

2450 

-  156 

5890 

♦12238 

-  6925 

-  5313 

Gibson          (.15  ♦  .85) 

135 

1367 

♦  891 

♦  3 

♦  888 

600 

-  428 

♦ 

150 

♦  278 

ICI  "C" 

U9 

4461 

-  2310  ♦ 

2464 

-  154 

6011 

♦12842 

-  7343 

-  5499 

Bacbeth^jQOj 

133 

1384 

♦  873 

♦  18 

♦  891 

600 

-  401 

♦ 

126 

♦  275 

"«=>***'6800K 

U7 

4600 

-  2195  » 

2347 

-  152 

63U 

♦12225 

-  6934 

-  5291 

Fluorescent, 

765OK 

131 

1389 

♦  921 

♦  18 

♦  903 

602 

-  414 

♦ 

136 

♦  278 

Flancklan^QQQI^ 

U3 

4655 

-  2338  ♦ 

2498 

-  160 

6619 

♦12738 

-  7379 

-  5359 

133 

4620 

-  2140  ♦ 

2308 

-  168 

6674 

♦12173 

-  6631 

-  5542 

a/    See  text 

Floorescent^j^ 

131 

4952 

-  2240  + 

2428 

-  188 

6948 

♦12277 

-  6643 

-  5634 

Planckl  angQQQg 

125 

4769 

-  2279  ♦ 

2465 

-  186 

7325 

♦U663 

-  7062 

-  5601 

0)2  (2&») 

no 

5242 

-  2195  + 

14U 

-  216 

9138 

♦12309 

-  6873 

-  5436 

"■""^boOQK 

77 

5358 

-  2056  ♦ 

2333 

-  277 

9153 

+11912 

-  5735 

-  6177 

a/   See  text 


1 
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Table  19.    Differences  in  reflectance  (ICI  -  Y  value)  and  chrooaticity  (in  UCS  units  of  r,  g,  and  b) 

for  5  pairs  of  cotton  colors  ^ 


Illumlnant 


Differences  in  Y  values  and  in  UCS  units 


Identification 

Approx. 
color 

ICI  values 
Equal  Energy 

Pair 

1 

Pair  2 

tempera- 

Y 

r 

g 

b 

Y 

r 

g 

b 

No  . 

Description 

ture  in 
;ird 

X 

y 

sao-5 

xlO-5 

xlO-5 

xlO-5 

xlD-5 

xlO-5 

xlO-5 

xlO-5 

1 

ICI  "B" 

208 

.3^85 

.3518 

255 

+  85 

-  39 

-  46 

71 

-112 

-  Xo  j 

2 

Abbot  Daylight 

165 

.320^ 

.3301 

231 

+  88 

-  36 

-  52 

05 

+  308 

_  QQ 

77 

3 

Carbon  Arc 

157 

.3152 

.3321 

226 

*  84 

-  34 

-  50 

15 

♦  298 

-  91 

-  207 

k 

Fluore  scent^ijQQjj 

153 

.3129 

.3209 

222 

+  89 

-  35 

-  54 

38 

+  299 

-75 

-  224 

5 

Curve  portion  of 

FluorescentrrAtinir 
ICI  "C 

151 

.3115 

.3197 

226 

+  94 

-  39 

-  55 

32 

+  326 

-  105 

-  221 

6 

U9 

.3101 

.3163 

228 

+  102 

-45 

-  67 

14 

+  311 

-86 

-  225 

7 

Macbeth^QQj 

U7 

.3081 

.3231 

229 

+  85 

-  31 

-  54 

10 

-  82 

8 

PlanckianyQQQjj 

U3 

.3063 

.3168 

222 

+  89 

-35 

-  54 

34 

*  307 

-  84 

-  223 

9 

Gibson  (.i+.g) 

U3 

.3076 

.3158 

222 

+  89 

-  35 

-  54 

35 

♦  3U 

- 

-  223 

10 

Gibson  1/x^  (.15+.85) 

135 

.3016 

.3092 

217 

+  90 

-33 

-57 

50 

*  315 

-84 

-231 

11 

MacbethyjQQg 

133 

.2996 

.3123 

224 

+  86 

-  29 

-  57 

26 

*  303 

-  72 

-  231 

12 

Fluorescenty^^Qjj 

131 

.2979 

.3063 

216 

+  89 

-  31 

-  58 

09 

+  304 

-65 

-239 

13 

PlanckiangooOK 

125 

.2952 

.3051 

213 

*  88 

-31 

-  57 

63 

+  310 

-75 

-235 

U 

Gibson  iM  (.2 +.8) 

125 

.2959 

.3029 

212 

+  90 

-32 

-58 

65 

+  317 

-81 

-  236 

15 

Gibson  l/>,^  (.3+. 7) 

110 

.2854 

.2912 

203 

+  89 

-29 

-60 

94 

+  318 

-69 

-249 

16 

CO2  (25iimi) 

110 

.2820 

.3104 

187 

+  84 

-29 

-55 

137 

+  288 

-69 

-219 

17 

Fluorescentj^QQQ^ 

77 

.2679 

.2760 

I84 

+  87 

-24 

-63 

15 

+  282 

-u 

-268 

18 

Mercury  lines  of 

Beyond  0 

.2190 

.2288 

U3 

+  28 

+  39 

-67 

177 

+  138 

+217 

-355 

Fluorescent^^^Qg 

Illumlnant 

Differences  in  Y  values 

and  UCS 

units 

Identification 

Approx. 

color 

Pair  3 

♦Pair  4 

Pair  5 

Y 

b 

g 

b 

g 

b 

-  tempera- 

r 

Y 

r 

Y 

r 

No. 

Description 

tiire  in 
>ird 

_xl0-5 

xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO- 

5  xlO-5 

xlO'^ 

1 

ICI  "B" 

208 

118 

♦ 

33 

-  06 

-  27 

1798 

+  04 

+  21 

-  25 

63 

-  56 

+  127 

-  71 

2 

Abbot  Daylight 

165 

119 

+ 

25 

-  05 

-  20 

1789 

+  15 

*  15 

-  30 

3376 

-  53 

*  125 

-  72 

3 

Carbon  Arc 

157 

122 

+ 

25 

-  04 

-  21 

1788 

+  17 

♦  18 

-  35 

3390 

-  50 

♦  129 

-  79 

4 

Fluorescent^^QQjj 

153 

126 

25 

-  04 

-  21 

1796 

+  17 

+  20 

-  37 

3383 

-  42 

♦  123 

-  81 

5 
6 

Cuirve  portion  of 

Fluorescenty^cQK 
ICI  "C" 

151 
U9 

120 
121 

♦ 

24 
26 

-  03 

-  04 

-  21 

-  22 

1783 
1789 

+  11 
*  16 

+  17 
+  17 

-  28 

-  33 

3372 
3371 

-  51 

-  45 

♦  124 
+  124 

-  73 

-  79 

7 

llacbeth6800K 

U7 

123 

+ 

24 

-  03 

-  21 

1792 

+  u 

+  19 

-  33 

3377 

-  42 

♦  122 

-  80 

8 

PlanckiaoyoQ^ 

U3 

122 

+ 

25 

-  03 

-  22 

1786 

+  17 

+  20 

-  37 

3383 

-  44 

+  129 

-  85 

9 

Gibson  iM  (.1+.9) 

U3 

120 

+ 

26 

-  04 

-  22 

1785 

+  15 

+  20 

-  35 

3377 

-  47 

♦  129 

-  82 

10 
11 
12 

Gibson  lA^  (.15+.85) 

Macbeth^5QQ^ 

Fluorescenty^^OK 

135 
133 
131 

121 

124 
127 

+ 

+• 
+ 

27 

24 
27 

-  03 

-  01 

-  04 

-  24 

-  23 

-  23 

1783 
1792 
1790 

+  17 
+  17 
+  18 

+  19 
+  20 
+  23 

-  36 

-  37 

-  41 

3378 

3375 
3386 

-  43 

-  37 

-  36 

♦  129 

♦  123 

♦  127 

-  86 

-  86 

-  91 

13 
U 

PlanckiajigQOQj 
Gibson  iM  (.2^.8) 

125 
125 

123 
121 

+ 

+ 

26 
26 

-  02 

-  02 

-  24 

-  24 

1792 
1782 

+  17 
♦  17 

*  22 
+  22 

-  39 

-  39 

3383 
3378 

-  38 

-  40 

*  131 

♦  131 

-  93 

-  91 

15 

Gibson  1/^t^  (.3*.7) 

110 

122 

+ 

25 

-  01 

-  26 

1778 

■»•  16 

+  26 

-  42 

3379 

-  35 

*  133 

-  98 

16 

CO2  (25mm) 

110 

122 

+ 

22 

-  01 

-  23 

1774 

♦  13 

*  25 

-  38 

3398 

-  40 

+  133 

-  93 

17 

Fluorescent^^^QQQ^ 

77 

130 

♦ 

21 

-  05 

-  26 

1779 

♦  19 

+  33 

-  52 

3391 

-  20 

+  134 

-lU 

18 

Mercury  lines  of 

Fluorescent^^5Qj 

Beyond  0 

190 

+ 

12 

+  U 

-  26 

1842 

+  35 

*  85 

-120 

3492 

+  58 

*  154 

-  212 

a/    See  text 


1 


i 
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Table  20.  Jiean  dif f eraice« ,  caused  ly  cbangiug  fros  one  to  another  of  17  illuminants,  for 
reflectance  (Id  -  I  value)  aod  chroa^icitgr  (in  aCS  units  of  r,  g,  and  b) 
for  30  cotton  colors.  standard  dftTiation  is  shown  with  each  mean  1/ 


208 

165 

Illtualnant 

Id  "B* 

Abbot  Daylight 

color 

I 

r 

g 

b 

I 

r 

g 

b 

Description 

tempera- 

AjVLL^S  JLII 

)ird 

xlO-5 

xl0"5 

xlO-5 

xlO-5 

xlO"5 

xlC 

r5 

xio"^ 

xio"^ 

Id  "B" 

208 

21 

t  4 

-  842  ±16 

-1328  Jt  21 

Abbot  Daylight 

165 

21 

±  4 

-2169  ±10 

+  842  tl6 

+1328  ±21 

Carbon  Arc 

157 

26 

t5 

-2741  £8 

+  1420±JJ2 

+ 1321 ±  23 

5 

+  1 

+  572 

♦6 

♦  578  £7 

♦  7  ±3 

Fluorescent^jQQj 

153 

24 

±4 

-2751 ± 10 

+  945  133 

+ 1806  ♦  33 

3 

±2 

-  582 

t8 

+ 104  i 18 

+  478  1 12 

Id  "C" 

U9 

27 

±5 

-2883  t 12 

+  804  i 24 

+  2079  £  32 

5 

+  1 

-  7U 

t4 

-   38*  9 

♦  752  ♦  12 

Macbeth^^OOK 

U7 

30 

t5 

-3261  i  9 

♦1411  ±30 

♦  I85O  £  29 

9 

♦1 

-1091 

£8 

♦  570  £  15 

♦  522  £  9 

Planckian^rxxK 

U3 

32 

te 

-3282  1 11 

♦  1159  £  27 

♦  2123  £  34 

11 

£2 

-1113 

£3 

♦  317  £  12 

♦796  £14 

vjibson  1/y*  (.1+.9) 

U3 

31 

ts 

-3124*13 

♦  985  £24 

+  2139  £  33 

10 

£2 

-  955 

£4 

+  143  £  9 

♦  812  £  13 

Gibson  (.15+.85) 

135 

36 

il 

-3585  i  U 

*  1054  £  28 

♦2531  £39 

15 

£3 

-1416 

£5 

♦213  £14 

♦1204118 

MacbethyjooK 

133 

36 

+  6 

-3889  ill 

♦U36  £37 

♦  2453  £  39 

15 

£2 

-1720 

£7 

+  595  1 22 

♦1126  £18 

Fluorescent,^£^^Qjj 

131 

37 

±6 

-3949  i 12 

+  1233  £42 

+  2717  £43 

15 

£2 

-1780 

£7 

♦  391  £  27 

♦1388  +  25 

PlanckiangQQox 

125 

42 

±8 

-U70±13 

♦1334  £36 

♦  2836  £  44 

20 

£3 

-2001 

£5 

♦  492  £  21 

♦1509  £24 

Gibson          (.2 +.8) 

125 

a 

±8 

-4036  +15 

+  1122  ±33 

+  29U  £44 

20 

£4 

-1867 

£7 

♦280  £18 

+  1586  +  24 

Gibson          (.3+. 7) 

uo 

50 

±10 

-4906  ii6 

♦  1252  +41 

+  3654  £54 

29 

£5 

-2737 

£9 

+  411  +  8 

+  2326  +33 

CO2  (25nEB) 

110 

59 

♦12 

-5638  i  54 

♦2702  t41 

♦2926  +39 

37 

♦7 

-3459  ilO 

+ 1861  £  27 

+  1598  tl9 

Fluorescent3^3QQQj 

77 

66 

il2 

-6557  ±16 

♦1808  £66 

♦4750  £69 

U 

♦8 

-4388 

£13 

♦966  £52 

+3422  £49 

Mercury  lines  of 
Fluorescentf^^i^Qj^ 

Beyond 
0 

75 

til 

-11958  ilQ3 

♦3848  1257 

♦8110  £151 

53 

♦8 

-9789 

♦1D8 

♦3006+  223 

♦6782  ±133 

)ird 

157 

153 

Illuminant 

Carbon  Arc 

Fluorescent^^QQg 

Approx. 
color 

Y 

r 

g 

b 

Y 

r 

g 

b 

Description 

tempera-  - 
ture  in 
prd 

xlO'5 

xl0~5 

3C10-5 

xl0"5 

xlO'^ 

xlO"5 

xlO"5 

xlO'5 

Id  "B" 

208 

26 

5 

+2741  ±8 

-1420  *22 

-1321  ±23 

24 

♦  4 

+2751  ±10 

-  945  ±33 

-1806  ±33 

Abbot  Daylight 

165 

5 

+ 1 

-  572  ±6 

♦  578  +7 

-7+3 

3 

+  2 

+  582  ±8 

-  104  *  18 

-  478  £  12 

Carbon  Arc 

157 

2 

±2 

+  10  ±4 

♦  475  ±  U 

-  485  £  U 

Fluorescent^jQQjj 

153 

2 

t  2 

-  10+4 

-  475  +  U 

+  485  +  U 

Id  "C 

U9 

1 

£1 

-  142  £9 

-616+  3 

♦  758  + 10 

3 

12 

-  132  ± 10 

-  141  ±10 

♦274  1  2 

Macbeth^QQj, 

U7 

4 

♦  1 

-  520  +3 

-     9±  8 

+  528+7 

6 

£  2 

-  510£  2 

+  466  £  4 

+  +4 

Planckian^ 

U3 

6 

41 

-  5a  £7 

-261  ±5 

+  802  £  12 

8 

£3 

-  531  £  7 

♦213  £  7 

♦318  +3 

Gibson  (.1+.9) 

U3 

5 

£1 

-  383  £9 

-  435  12 

+  818  £U 

7 

£3 

-  373  £10 

♦  40  +10 

+  334  +2 

Gibson  l/>^  (.15-t-.85) 

135 

10 

£2 

-  845  £10 

-366  +6 

+12U  +17 

12 

±4 

-  834  £  10 

♦  109+6 

+  726  +6 

Macbeth^  jQQjj 

133 

10 

£1 

-1U9  £5 

♦  16+15 

+U32  +16 

12 

13 

-1138  +  3 

+  491  £  6 

♦  648  *6 

Fluorescenty£,5(^ 

131 

11 

+  1 

-1208  +'6 

-  187  ♦  20 

+1395  £23 

13 

♦3 

-U98  ♦  3 

+  288  ±  10 

+  910  +13 

PlanckiangQQQg 

125 

15 

£3 

-1429  £8 

-  86114 

+1515  £  21 

18 

14 

-1419  £  8 

+  388  ±  6 

+  1031 112 

Gibson  l/X^  (.2+.8) 

125 

15 

t3 

-1295  -tu 

♦  298  £10 

+1593  £  22 

17 

£5 

-1285  iU 

+  177  £  5 

♦1108  £U 

Gibson  l/>^  (.3+.7) 

UO 

24 

£4 

-2166  ±13 

-  167  £20 

♦2333  ±31 

26 

16 

-2156  +13 

♦  308  +U 

♦1848  +  21 

CO2  (25iBm) 

UO 

33 

£6 

-2887  £5 

►  1282 +  19 

••1605  £17 

35 

£8 

-2877  ±4 

♦1757  ±10 

+U20±  8 

Fluorescentj^^ooOK 
Mercury  lines  of 
Fluorescent^^jQ^ 

77 

Beyond 
0 

40 

+  7 

-3816 +U 

♦388  ±45 

1-3428  +  47 

42 

£8 

-3806  ±8 

♦  862  +34 

+  29U  £36 
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Table  20.  Cont'd 


)ird 

U9 

U7 

Illuitilnant 

ICI  "C" 

Macbeth£^OOK 

Description 

Approx. 

color 
tempera- 
ture in 

T 

r 

g 

b 

I 

r 

g 

b 

xlO-5 

xlO-5 

xlO'5 

xlO-5 

xlO 

-5 

•)cio-5 

Id  "B" 

208 

or* 

27 

±  5 

+2883  +  12 

-  804  124 

-2079  +32 

30 

5 

+32d1  +  9 

-1411  +30 

-I850  ±29 

Abbot  Daylight 

165 

5 

t  1 

+  714.  +  4 

+     "^ft  +  Q 

—  +1  ? 

—  i-i-<i 

Q 

7 

1 

_  cnn  .  -1  c 

—          +  7 

Carbon  Arc 

157 

1 

+  1 

+  142  +  9 

+  616  +  3 

-  758  +10 

4 

1 

+520+3 

9+8 

-  528  t  7 

Fluore  scent^cru-itr 

153 

3 

t  2 

♦  132  +10 

+  141  +10 

-274+2 

6 

2 

+510+2 

-  466  +  4 

-   U  ♦  4 

Id  "C 

U9 

3 

+ 

1 

+  377  +1C 

-  ear?  t  7 

♦  230  +3 

Macbeth^QQg 

U7 

3 

t  1 

-  377  ±10 

+  607  t  7 

-  230  t  3 

PlanckianYQQQjj 

U3 

5 

t  1 

-  399  i  4 

*  355  +  5 

+    U  +  3 

2 

1 

-    21  ±  7 

-  253  t  U 

+  274  t  5 

Gibson  1/A^  (.1+.9) 

U3 

1  1 

-  241  i  3 

+  181+3 

+  60+2 

1 

+ 

1 

+  136  +10 

-  AZS  t  6 

+290+4 

Gibson  l/^-^  (.15+.85) 

135 

9 

1  2 

-  702  t  4 

+  250  ±  6 

+  452  ±  7 

6 

+ 

2 

-  325  +11 

-  357  +3 

+  682  +9 

lia  cbe  thr>  ^  qq^ 

133 

9 

t  1 

-1006  ±  9 

+  632  ±14 

+  374  +7 

6 

+ 

1 

-629+3 

-25+7 

+  604  ±  9 

Fluorescenty^^^ 

131 

10 

t  1 

-1066  ±  9 

+  429  ±19 

+  637  ±13 

7 

± 

1 

-  683  ±  4 

-  178  +13 

+  866  +16 

PlanckiangoooK 

125 

15 

t  3 

-1287  t  5 

*  530  ±13 

+  757  +12 

11 

± 

3 

-  909  ±  8 

-    78  ±  7 

+  987  ±15 

Gibson  l/>^  (.2+.8) 

125 

U 

i  3 

-U52  1  5 

*  318  ±10 

+  834  +12 

11 

t 

3 

-  775  ±12 

-  289  ±  4 

+1064  ±15 

Gibson  1/^^  (.3+.7) 

110 

24 

i  5 

-2023  t  8 

+  U9  ±19 

+  1574  ±22 

20 

+ 

-1646  +13 

-  158  +13 

+  1804  ±25 

CO2  (25nim) 

110 

32 

t  7 

-2744  tl2 

+1898  +18 

+  846+9 

29 

6 

-2367  +  3 

+  1291  +12 

+  1076  +11 

Flnorescent-j^^ooOK 

77 

39 

+  7 

-3674  +13 

*1004  tA3 

+  2670  137 

36 

7 

-3296  ±  9 

♦  396  ±37 

+2900  +40 

Mercury  lines  of 
Fluore scent765(^ 

Beygnd 

48 

1  8 

-9075i  109 

+3OU  t2H 

+  6031  +120 

prd 

U3 

U3 

Illumi  nant 

Planckian^QQQg 

Gibson  1/)^^  ( .11..9) 

Description 

Approx. 

color 
tempera- 
ture ,  in 
;ird 

T 

r 

g 

b 

T 

r 

g 

b 

xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO- 

-5 

xlO-5 

xlO"5 

xlO-5 

ICI  "B" 

208 

32  i 

6 

♦3282  +11 

-1159  ±27 

-2123  +34 

31  ± 

6 

+  3124  ±13 

-  985  ±24 

-2139  ±33 

Abbot  Daylight 

165 

11  ± 

2 

+  1113  ±  3 

-  317  ±12 

-  796  ±u 

io  + 

2 

+  955  +4 

-  143  ±  9 

-  812  ±13 

Carbon  Arc 

157 

6  + 

1 

+  541  ±  7 

+  26l±  5 

-  802  ±12 

.5  ± 

1 

+  383  ±  9 

+  435  ±  2 

-  818  ±11 

Fluorescent650(K 

153 

8  ± 

3 

+  531  ±  7 

-  213  t  7 

-  318  t  3 

7  ± 

3 

+  373  ±10 

-  40  +10 

-  334  ±  2 

ICI  "C 

U9 

5  ± 

1 

+  399  ±  4 

-  355  ±  5 

-    44  ±  3 

4  t 

1 

+  241  ±  3 

-  181  ±  3 

-   60  ±  2 

Macbeth^gQQjj 

U7 

2  + 

1 

+  21+7 

+  253  ±  4 

-  274  ±  5 

1  + 

1 

-  136  ±10 

+  426+6 

-290+4 

PlanckianYOQOjf 

U3 

1  ± 

1 

-158+3 

+  174  i  4 

-16+2 

Gibson  1/?^^  (.1+.9) 
Gibson          (.15 +.85) 

U3 
135 

1  + 

1 

+  158+3 
-304+4 

-  174  ±  4 

-  104  +  1 

+    16  i  2 

A  + 

1 

+  408  +5 

5  ± 

1 

-  461  i  1 

+  69+5 

+  392  +6 

Macbeth;7500K 

133 

A  ± 

1 

-  608  +6 

+  278  ±10 

+  330  ±  5 

5  ± 

1 

-  765  ±  9 

+  451  ±13 

+  314  ±  6 

Fluor  e  seen  t»7£, 

131 

5  + 

1 

-  667  +6 

+    74  ±15 

+  593  +11 

6  t 

1 

-  825  +8 

+  248  +19 

+  577  +12 

Planckiang™ 
Gibson  l/f^l  (.2+.8) 

125 

9  + 

2 

-  888  +2 

+  175+9 

+  713  +10 

10  + 

2 

-1046  ♦  3 

♦  349  +12 

+  697  ±11 

125 

9  i 

2 

-  754  i  5 

-   37  1  6 

+  791  ±10 

10  t 

2 

-911+3 

+  137  ±10 

♦  774  ±11 

Gibson  1/^^  (.3+.7) 

no 

18  t 

A 

-1625  +  7 

♦    95  ±15 

+  1530  +20 

19  t 

4 

-1782  +  5 

♦  268  +18 

♦  1514  +21 

CO2  (25nim) 

110 

27  + 

6 

-2346  +10 

+1544  ±U 

+  802  +6 

28  ± 

6 

-2503  ±12 

♦  1717  ±18 

♦  786  ±  7 

Fluorescent3^3QQQ5 

77 

34  t 

6 

-3275  +U 

+  649  ±39 

+  2626  +35 

35  ± 

6 

-3433  +13 

+  823  +  43 

+  2610  +36 

Merc\u7  lines  of 
Fluorescentyg^Q^ 

Beygnd 

43  + 

8 

-8676  £07 

♦2689+210 

+  5987  iLlS 

44  t 

8 

-8834 ±110 

+  2863  ±214 

+  5971  tL19 

I 


Table  20.  Cont'd 


)ird 

135 

133 

Illumlnant 

Gibson  1//  (.15+.85) 

"^'=^®*N500K 

Approx. 

color 

Y 

r 

ff 
e 

b 

Y 

g 

I) 

Description 

tempera- 
ture ,  in 
;ird 

xlO-5 

xlO-5 

xlO-5 

xlO-5 

xlO* 

•5 

xlO-5 

xl0"5 

xlO-5 

ICI  "B" 

208 

36 

±  7 

+3585  iU 

-1054  ±  28 

-2531  t 39 

36 

+ 

c 
0 

♦•3889  +11 

-U36  +37 

-2453  i39 

Abbot  Da7light 

165 

15 

±  3 

+Ul6t  5 

-  213  +  14 

-1204  t 18 

15 

2 

+1720  i  7 

595  ±22 

-1126  il8 

Carbon  Arc 

157 

10 

±  2 

+  8^5*10 

*  366  +  6 

-1211  t 17 

10 

1 

+lU9t  5 

16  tl5 

-1132  t 16 

Fluorescentgi^QQjj 

153 

12 

t  ^ 

+  834  +  10 

-  109  ±  6 

-  726  1  6 

12 

+ 

3 

+1138  t  3 

491  ±  6 

-648+6 

ICI  "C" 

U9 

9 

±  2 

+  702+  4 

-  250  t  6 

-  452  ±  7 

9 

+ 

1 

♦1006  +9 

632  tu 

-  374  i  7 

Macbeth^goQjj 

U7 

6 

i  2 

+  325  ±11 

+  357  +3 

-  682  t  9 

6 

+ 

1 

+  629  i  3 

25  i  7 

-  604  *  9 

Planckianr^QQQj 

U3 

U 

i  1 

+  304+4 

+  104  t  1 

-  408  t  5 

4 

+ 

1 

+  608  i  6 

278  +10 

+  330*  5 

Gibson  \/h^  (.lt.9) 

U3 

5 

i  1 

+  461+1 

-   69  t  5 

-  392  ±  6 

5 

i 

1 

+  765  ♦  9 

451  +13 

-314+6 

Gibson  lA^  (.15+,85) 

135 

1 

+ 

1 

+  304  ±  9 

382  +  9 

+  78+1 

Macbethy^Qj^ 

133 

1 

±  1 

-  304  i  9 

+  382  ±  9 

-   78  i  1 

Fluorescenty^^Qj 

131 

1 

il 

-  364  i  8 

+  179  -U 

+185+7 

1 

+ 

1 

-   60  ±  2 

203  +  6 

+  263  ±  7 

PlanckiangoOOK 

125 

5 

i  1 

-  584  i  3 

+  280  i  3 

+305+5 

5 

+ 

2 

-  281  ♦  6 

103+  3 

+  383  +6 

Gibson  l/A^  (.2 +.8) 

125 

5 

+ 1 

-  450  *  1 

+    68  t  4 

*  383  t  5 

5 

2 

-  146  tio 

3U±  5 

*  461*  5 

Gibson  l/>A  (,3+.7) 

110 

U 

i3 

-1321  +  4 

+  198  ^=13 

*1122  tl5 

U 

+ 

3 

-1017  *11 

183  +  7 

+  1197  ±19 

CO2  {25inm) 

UO 

23 

t5 

-2042  ±13 

+ 1648  -13 

+  394  ±  3 

23 

+ 

5 

-1738  i  5 

+  1266  ±  5 

+  472±  3 

Fluorescentj^'jOOOK 

77 

30 

±  5 

-2972  +13 

+754 

+2218  ±31 

30 

+ 

6 

-2668  +  7 

371  i30 

+  2296  +31 

MercuiTr  lines  of 
Fluorescenty^joK 

Beyond 
0 

39 

i8 

-8373  tin 

*2794  ±2C9 

*5579  *113 

pxd 

131 

125 

Illuminant 

Fluorescent^^^Qg 

PlanckiangoQQg 

Description 

Approx. 

color 
tempera- 
ture in 
;ird 

Y 

r 

g 

b 

Y 

r 

g 

b 

xlO"5 

xl0"5 

xLO'5 

xlO"^ 

xlO' 

-5 

xlO"5 

xlO"5 

xl0"5 

ICI  "B" 

208 

37 

t6 

+  3949  ±12 

-1233  ±42 

-2717  ±43 

42 

+ 

8 

+  4170  ±13 

-1334  ±36 

-2836  ±44 

Abbot  Daylight 

165 

15 

+  2 

+  1780  ♦  7 

-  391  i27 

-1388  +25 

20 

3 

+  2001  ± 

5 

-  492  ±21 

-1509  ±24 

Carbon  Arc 

157 

n 

+  1 

+  1208  +  6 

+  187  t20 

-1395  ±23 

15 

3 

+  U29  + 

8 

+    86  +14 

-1515  +21 

Fluorescent^^QQg 

153 

13 

±3 

+  n98  t  3 

-  288  +10 

-  910  +13 

18 

4 

+  U19  ± 

8 

-  388  +6 

-1031  ±12 

ICI  "C" 

U9 

10 

il 

+  1066  +  9 

-  429  +19 

-  637  +13 

15 

+ 

3 

+  1287  + 

5 

-  530  +13 

-  757  ±12 

Uacbeth^soOK 

U7 

7 

+  1 

+  688  +4 

+  178  +13 

-  866  +16 

11 

+ 

3 

+  909  ± 

8 

+    78  ±  7 

-  987  ±15 

PlanckianyoooK 
Gibson  l/?r  (.1+.9) 

U3 

5 

+1 

+  667  ±  6 

-   74  ±15 

-  593  ±11 

9 

+ 

2 

+  888  ± 

2 

-175+9 

-  713  ±10 

U3 

6 

♦1 

♦  825  t  8 

-  248  +19 

-  577  +12 

10 

+ 

2 

+  1046  + 

3 

-  349  ±12 

-  697  *n 

Gibson  (.15+.85) 

135 

1 

+1 

+  364  i  8 

-  179  +U 

-185+7 

5 

+ 

1 

+  584  ± 

3 

-  280  +  8 

-  305  ±  5 

Macbethy^QQjj 

133 

1 

±1 

+  60+2 

+  203  ♦  6 

-263+7 

5 

+ 

2 

+  281  + 

6 

+  103  ±  3 

-  383  ±  6 

Fluorescent»7£^^Qg 

131 

5 

2 

+  221  t 

6 

+  101  +  7 

+  120  t  2 

± 

PlanckiansooOK 

125 

5 

+  2 

-221+6 

+  101+7 

+  120+2 

+ 

Gibson  (.2+.8) 

125 

.  4 

+  2 

-87+9 

-  Ill  +10 

+  198+2 

1 

+ 

1 

+  134  ± 

4 

-212+3 

+  77+1 

Gibson  l/A^  (.3-»'.7) 

110 

U 

+4 

-  957  +10 

+  19+4 

+  938  +9 

9 

+ 

2 

-  737  + 

6 

-81+6 

+  817  +10 

CO2  (25mm) 

no 

22 

+  6 

-1679  +  6 

+  U69  +  3 

+  210+7 

17 

+ 

4 

-1458  +10 

♦1369  +  6 

+    89  ±  5 

Fiuorescent^3QQQ^ 

77 

29 

+  6 

-26O8  +  7 

+  575  +25 

+  2034  +24 

24 

5 

-2387  +10 

+  474  ±31 

+1913  ±25 

Mercury  lines  of 
Fluotescenty^jOj 

B^gnd 

33 

+ 

7 

-7788  +108 

+  2514+202 

+  5274+108 

-30- 


Table  20.  Cont'd. 


jird 

125 

110 

Illtunlnant 

Gibson  (.2-^.8) 

Gibson  lA^  (.3■^.7) 

Approx. 
color 

I 

r 

g 

b 

I 

r 

b 

Description 

tempera- 
ture in 
;ird 

xlO'5 

xlO"5 

xlO'5 

xlO"5. 

xlO~5 

xlO'5 

xlO'5 

ICI  "B" 

208 

a 

±8 

A036 1 15 

-1122  ±  33 

-29U  ±  U 

50tlO 

+  4906  +  16 

-1252  ♦  41 

-3654  ±54 

Abbot  Daylight 

165 

20 

±  ^ 

*'1867  ±  7 

-  280  +  18 

-1586  ♦  24 

+  c 

+  2737±  9 

-  411+  8 

-2326  +  33 

Carbon  Arc 

157 

15 

±3 

1295  1 11 

-  298  +  10 

-1593  ±  22 

24 

±4 

+  2166  + 13 

167  +  20 

-2333  +  31 

Fluore6cent^3QQg 

153 

17 

±  5 

*  1285  1 11 

-  177±  5 

-1108  1 11 

26 

±6 

+  2156 1 13 

-  308tU 

-I848  t  21 

ICI  "C 

U9 

U 

t3 

*1152±  5 

-  318  1 10 

-  834+12 

24 

♦5 

+  2023  *  8 

-  U9  i  19 

-1574  i  22 

Macbeth^QQg 

U7 

11 

±3 

+  775*12 

+  289+  A 

-1064  + 15 

20 

t4 

+  1646  +  13 

♦  158  + 13 

-1804  +  25 

PlanckianYQQQg 

U3 

9 

i  2 

♦  75^i  5 

+  37+6 

-  790+10 

18 

+  ^ 

+  1625+  7 

-   95  +  15 

-1530+  20 

Gibson  l/h^  (.l-»-.9) 

U3 

10 

±2 

*  911±  3 

-  137  i  10 

-  774  ± 11 

19 

±4 

*1782±  5 

-  268  +  18 

-15U  i  21 

Gibson  lA^  (.15+. 85) 

135 

5 

1 1 

*  -i50±  1 

-   68+  it 

-  383  ±  5 

U 

±3 

+  1321+  4 

-  198  +  13 

-1122  + 15 

Macbeth^jQQjj 

133 

5 

i  2 

♦  U6110 

*  3Ui  5 

-  461  i  5 

U 

i3 

+  1017  ♦  11 

*  I83i  7 

-1197  1 19 

Fluore  scentygijQj 

131 

J. 

±  2 

*     87±  9 

+  111  ±10 

-  198±  2 

14 

±4 

+  957  ±10 

-   19±  4 

-  938  +  9 

PlanckiangooOK 

125 

1 

11 

-  134*  U 

*  212i  3 

-    77i  1 

9 

t  2 

*  737  +  6 

+  81+6 

-  817  i  10 

Gibson  1/a^  (.2+.8) 

125 
110 
110 

9 

t  2 

+  870  +2 

-  131  +  9 

-  740  +  10 

Gibson  iM  (.3+. 7) 
CO  2  (25inm) 

9 

i2 

tu 

-  870  +2 
-1592  i  U 

+  131±  9 
*  1580t  9 

+  740  ♦  10 
♦  12i  5 

18 

8 

i2 

-  721 ± 16 

+  U49±  4 

-  728  ♦  15 

Fluorescent^^^QQQj 

77 

25 

t5 

-2521 i  13 

♦  686  i  34. 

+ 1836  i  25 

16 

-1651 i 12 

+  555 t  26 

+1096  + 16 

Mercury  lines  of 
Fluorescenty^^Qg 

Beyond 
0 

3U 

is 

-7922  ill! 

*  2726  ±205 

+5196*108 

24 

+  8 

-7052  +111 

+2596  +196 

+U56 1  98 

>ird 

110 

77 

Illuminant 

CO2 

(25iBm) 

Fluorescent^3QQQ^ 

Description 

Approx. 

color 
tempera- 
ture in 
>ird 

Y 

r 

g 

b 

T 

r 

g 

b 

xlO" 

-5 

xlO-5 

xlO~5 

xl0"5 

xlO" 

■5 

xlO'5 

xlO"^ 

XlO*  5 

ICI  "B" 

208 

59  i 

12 

+  5638  +54 

-2702  +41 

-2926  +39 

66  +12 

+  6557  +16 

-1808  +66 

-4750  +69 

Abbot  Daylight 

165 

37  i 

7 

*3459  ilO 

-1861  i27 

-1598  119 

Ui 

8 

*4388  tl3 

-  966  ±52 

-3422  ±49 

Carbon  Arc 

157 

33  ± 

6 

+  2887  +  5 

-1282  +19 

-1605  ±17 

40  + 

7 

♦3816  ±11 

-  388  +45 

-3428  +  47 

Fluorescent£^50CK 

153 

35  ♦ 

8 

+  2877  +  4 

-1757  +10 

-1120  +  8 

42  ♦ 

8 

+3806  +  8 

-  862  ±34 

-29U  ±36 

ICI  "C" 

U9 

32  i 

7 

+  27U  ±12 

-1898  il8 

-  846  i  9 

39  + 

7 

♦3674  tl3 

-1004  +43 

-2670  +37 

Macbeth^QQg 

U7 

29  ± 

6 

+  2367  ±  3 

-1291  ±12 

-1076  +il 

36  ± 

7 

+3296  ±  9 

-  396  ±37 

-2900  ±40 

PlahckianyoQQg 

U3 

27  ± 

6 

+2346  ±10 

-15U  ±U 

-  802  ±  6 

34  ± 

6 

♦3275  ±11 

-  649  ±39 

-2626  ±35 

Gibson  l/>»^  (.H-.9) 

U3 

28  ♦ 

6 

+  2503  ±12 

-1717  ±18 

-  786  i  7 

35  ± 

6 

*3433  il3 

-  823  ±43 

-2610  +36 

Gibson  lA^  (.I5+.85) 

135 

23  + 

5 

+  2042  ±13 

-1648  +13 

-  394  ±  3 

30  ♦ 

5 

♦2972  ±13 

-  754  ±38 

-2218  ±31 

Macbeth^^QQjj 

133 

23  ± 

5 

+1738  ±  5 

-1266  ±  5 

-  472  ±  3 

30  ± 

6 

+  2668  ±  7 

-  371  ±30 

-2296  ±31 

Fluore  scenty^ 

131 

22  + 

6 

+1679  ±  6 

-U69  ±  3 

-  210  ±  7 

29  ± 

6 

♦2608  ±  7 

-  575  125 

-2034  ±24 

Planckian  8000k 

125 

17  ± 

4 

+1458  ±10 

-1369  ±  6 

-   89  ±  5 

24  ± 

5 

+2387  ±10 

-  474  ±31 

-1913  ±25 

Gibson  (.2n8) 

125 

18  + 

4 

+1592  ±14 

-I58O  ±  9 

-    12  ±  5 

25  ± 

5 

♦2521  ±13 

-  686  ±34 

-I836  lf25 

Gibson  l/?»^  (.3+, 7) 

110 

8  + 

2 

+  721  +16 

-1449  ±  4 

-  728  +15 

16  + 

3 

+1651  ±12 

-  555  ±26 

-1096  ±16 

CO2  (25Bm) 

110 

7  t 

3 

♦  929  i  8 

895  126 

-1824  130 

Fluorescent-j^^jooOK 

77 

7  t 

3 

-  929  ±  8 

-  895  ±26 

1824  ±30 

Mercury  lines  of 
Fluorescent>^^3(^ 

Beygnd 

-31- 
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Table  20.  Cont'd 


Beyond  0 


lllunlnant 


Mercury  lines  of 


Approx. 

color 
t>eniDara» 
ture  in 

jiro 

Y 

r 

S 

D 

xlO"5 

xlO'^ 

xlO'^ 

xlO"^ 

Id  "B« 

208 

75  til 

♦  11958  1 103 

-3848  ♦  237 

-8110  tl51 

Abbot  Daylight 

53  t  8 

+  9789  tl08 

-3006  t223 

-6783  tl32 

Carbon  Arc 

157 

Fluore  scent'j^g^Q]^ 

153 

Id  "C" 

U9 

^8+8 

♦  9075  il09 

-30U  i2U 

-6031  tl20 

Mecbeth^gQQK 

U7 

PUnckian^QQQK 

U3 

43  i  8 

♦  8676  il07 

-2689  t210 

-5987  ill8 

Gibson  1/?!^  (.1+.9) 

U3 

U  i  8 

*  8834  *110 

-2863  t214 

-5971  tll9 

Gibson  l/>>^  (.15 +.85) 

135 

39  t  8 

♦  8373  ilU 

-2794  i209 

-5579  tll3 

Macbethi^jQQjj 

133 

Fluorescentf^g^Qj^ 

131 

PlanckiangQQQ^ 

125 

33  t  7 

+  7788  tl08 

-2514  1202 

-5274  tl08 

Gibson  1/^^  (,2+.8) 

125 

34  *  8 

*  7922  tm 

-2726  *205 

-5196  tl08 

Gibson  1//  (,3t,7) 

110 

24  i  8 

♦  7052  tin 

-2596  tl96 

-U56  t  98 

CO2  (25nrai) 

110 

Fluore  scentj^^ooOK 

77 

Mercury  lines  of 

Fluorescenty^jjQjj 

Beygnd 

i 


r 

1 


